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LIMA. 


Lima, the capital of Peru, in South America, and 
the subject of our illustration, is sitaated on an exten- 
sive plain about 500 feet above the level of the sea, is 
seven miles inland, east of Callao, its port. The city 
was founded by the daring Spanish conqueror, Fran- 
eisco Pizarro, in the year 1535, who called it Ciudad de 
los Reves (City of the Kings), in honor of the three 
wise men who were guided by the Star of Bethlehem 
to the child in the manger. This name, however, 
soon gave way to Lima, which is derived from Rimac, 
the name of the river which flows along one side of 
the city and divides it from its suburb, San Lazaro. 

On the road from Callao to Lima is the Alameda del 
Oallao, a boulevard of striking beauty, and second to 
none on the continent. On entering Li tourist 
js at opee impressed by the general gloom ch per- 


vades this onee flourishing city. Many of what were 
os Once imposing buildings and residences are now un- 
a tenanted and fast mingling with the general ruin; or, 
RY again, occupied by the poorer classes who stand not 
‘sd in fear of Lima’s ‘“‘Sword of Damocles,” the earth- 
-Quake, provided their rental is nominal. The better 
: Classes will not live in these lofty dwellings, which are | 
a to topple over at the first rumbling of the earth’s 


crust. 

The “Hill of St. Christopher” at one side of the 
city forms a pleasing relief to the eye from the vast- , 
hess of the plain. Sixty-two churches and chapels , 
minister to the spiritual wants of the inhabitants, | 
heariy allof whom are devout Catholies. The cathe- | 
drai is second only to that of Mexico. It has two im-! 
posing towers, elegant paintings and a magnificent, 
organ. In the erypt below are the remains of Pizarro, 
who was a there in 1546. 

'e woinen of Lima are renowned for their languid 
beauty, which, unfortunately, is so fleeting that they 


lack that matronly elegance which is characteristic of 
their northern sisters at an age when the bloom of 

outh is no longer the chief attraction. The men are 
liatlees, inveterate smokers, and fond of bull fighting 
and cocking mains; and the city boasts of the doubt- 
ful glory of possessing the finest amphitheater for 
eock fighting in the world. In marked contrast to 
this monument to vice stands out in bold relief the 
university, which is the oldest in America, and was 
founded in 1576. As porticoes to this venerable pile 
may be counted over 70 schools, a public library con- 
taining over 50,000 volumes, and a beautiful botanical 
garden. The houses are mostly one or two story, on 
account of the frequent earthquakes, the most violent 
of which ocearred in 1746, when over 5,000 people lost 
their lives, Their summer begins in December and 
their wi 
about 73°F. 


They seldom have rain; but, instead, a 


r in June, the average temperature being |. 


president, Prado, fled to Euro under somewhat 
questionable circumstances, and Pierola, who has been 
styled the Napoleon of South America, became dicta- 
tor; but even his well known valor could not save the 
eity from capture by the Chileans in January of 1881; 
when, to the much abused proverb, ‘*to the 
victor belong the spoils,” nearly everything portable 
was removed to Chile, and much that was immovable 
was destroyed in a pure spirit of vandalism. Pierola 
is once more president, and his indomitable energy is 
expected to restore to Lima its pristine grandeur. 


(From Scrence.) 
THE SUN. 


because the secrets of the sun,” says Mr. 


“IT is M 
*‘inelude the cipher in which the light 
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THE CITY OF LIMA, PERU. 


heavy dew, which is the cause of a very moist climate, 
and is very disagreeable to new comers. The streets 
are dirty, owing to bad sewage, as the 
cleanliness mostly on the vultures whieh 
the city, acting as public seavengers. 

There are many tales of the fabulous wealth of 
Lima, and one record ares states that in 1683 the 
streets were paved with silver bars-in honor of a new 
viceroy sent by: Spain to her then dependency. 

With ali these drawbacks, Lima is still one of the 
most important trading centers of South Awerica, its 

pulativn at present being somewhat over 100,000. 
She has few home industries besides soap and candle 
factories ; all they require in manufactured goods be- 
ing imported from other countries by way of Callao. 
Her exports consist mainly of guano, cinchona, hides, 
sugar, gold-and silver, and her imports and exports 
combined amount to over $25,000,000 annually. Sev- 
eral good railroads connect the city with its port and 
surrounding cities. During the war with Chile their 


depend for 
fly through 


mu 3 from exterual nature in all its vastness are 
written, that those interested in the ‘new learning,’ 
as the chemistry of space may certainly be considered, 
are anxious to get at and possess them.” But coven 
more significant to dwellers on the earth are the heat 
radiations of the sun, because they are determinant in 
all animal and vegetable life, and are the original 
source of nearly every form of terrestrial ene re- 
cognized by mankind. Through the action of the 
solar heat rays the forests of palwozoic ages were en- 
abled to wrest carbon from the atmosphere and store 
it in forms afterward converted by nature’s chemistry 
into peat and coal; through processes incompletely 
understood, the varying forms of vegetable life are 
empowered to conserve, from air and soil, nitrogen 
nd other substances suitable for and essential to the 
life maintenance of animal creatures. Breezes operant 
in the production of rain and in keeping the. air from 
hartfal contamination ; the energy of water, in stream 
and dam and fall; trade winds facilitating commerce 
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between the continents; oceanic currents modifying | the form of the earth’s orbit unknown, daily measures | 


coast climates (and no less the tornado, the waterspout, |of the sun’s varying diameter would, alone, in the 
the typhoon, and other manifestations of oatural course of a year, enable the precise determination of 
forces, excepting earthquakes, frequently destructive the figure of the orbit, so accurately can these meas- 
to the works of man), all are traceable primarily to the ures now be made. When at its mean distance from 
heating power of the sun's rays acting upon those | the earth, the linear equivalent of one -econd of are 
readily movable substances of which the earth’s ex- | at the sun is 450 miles. The present uncertainty in 
terior is in part composed. | the solar diameter does not much exceed 2°; that is to 
The sun, cosmically speaking, is simply a star, bat say, about 900 miles, or quite approximately yj5,5 of 
the nearest fixed star is 275,000 times more remote ; so the entire diameter. Dr. Auwers’ recent value of the 
that the sun’s vastly greater brightness is, for the most semi-diameter is 15’ 59°63" ; and if we take the mean 
part, due to mere proximity. Still, the distance of distance of the sun at 93,000,000 miles, this numerical 
the sun is by no means easy to conceive or illustrate. | relation gives the sun’s diameter 866,350 miles. 
Recalling that the distance round the earth’s equator| A simple relation between the sun’s mass and its 
is about 24,000 miles, ten times this gives the distance dimensions relatively to the earth enables us to de- 
of the moon. which is practically inconceivable ; but | termine that the foree of gravity at the sun’s surface 
the sun is 390 times more remote. As the two bodies | is 273g times greater than it is here ; so that while a 
are about the same in apparent size, it follows that | body on the earth falls only 16'1 feet in the first second 
the sun’s actual diameter is about 390 (accurately 400) | of time, at the sun its fall in a corresponding interval 
times greater than the moon's. | would be no less than 444 feet. If ahall clock were 
The available methods of ascertaining the sun's dis- | transported to the sun, its leisurely pendulam would 
tance, more than a dozen in uumber, may be divided | vibrate more than five times as rapidly. So great is 
into three classes: (1) by geometry or trigonometry ;'the sun’s mass that a body falling freely toward it 
(2) by gravitational effects of sun, moon and plan: | from a distance indefinitely great would, on reaching 
ets ; (3) by the velocity of transmission of light. The the sun, have acquired a velocity of 383 miles per 
first includes transits of Venus, and near approaches |second. The great Krupp gun exhibited at the 
of the earth to Mars, or to small planets exterior | World’s Fair in 1893 if fired from Chamounix in 
thereto, at which times the distances of these bodies|the direction of Mont Blanc, at an elevation of 44°, 
from the earth are not difficult to measure. Adopting, | would propel its projectile of 475 pounds ina curve 
with Professor Young, the number 100 as indicating a | meeting the earth at Pre-Saint-Didier, 124 miles from 
method which would insure absolute accuracy, this |Chamounix, and whose highest point would be more 
class of determinations will range all the way from 20 | than a mile above the summit of Mont Blanc. If we 
to 90. The second class of methods, too mathematical | could suppose the same gun to be fired similarly on 
for explanation here, depends on the earth’s mass, | the sun, so great is the foree of gravity there that the 
and their present value may be expressed as 40 to 70; | projectile would be brought down to rest about half a 
but the peculiar nature of one of them (utilizing the | wile from the muzzle, 
disturbances which the earth produces in the motion| From groups of the facule, Dr. Wilsing has found 
of Venus and Mars) offers an accuracy continually in-| that the sun’s equator revolves in 25°23d.; but these 
creasing, so that 200 years hence it alone will have | observations are exceedingly difficult, anda repetition 
settled the sun’s distance with a precision entitled to|of the work is desirable. Professor Young and Dr. 
the number 95. But the best methods now available | Crew have determined the period of rotation of the 
are embraced in the third class, which employ the|sun’s equator by means of the spectroscope, utilizing 
velocity of light (determined by actual physical ex-|that technicality called Doppler’s principle. This 
get and their present worth is about 80 or 90. | means that the spectra from opposite sides of the sun 
he problem of the san’s distance is one of the | (the east side coming toward the earth and the west 
noblest ever grappled by the mind of man; and no/|recedingfrom us) are optically brought alongside each 
one of the numerous elements with which it is com-| other; then careful measurement of the amount of di- 
plexlvy interwoven can yet be said to have been de-| vergence of a given line in the two spectra forms the 
termined with the highest attainable precision. | basis for calculating the rapidity of rotation. M. 
An admirable summary of investigation of the sun’s Duner, of Lund, Sweden, carrying this research still 
distance is given by Dr. Gill as an introduction to Mrs. | farther, into high solar latitudes, finds for the equa- 
Gills Six Months in Ascension (London, 1880), an torial regions a period of sidereal rotation equal to 
account of an expedition to that island three years pre- 25°46d. in close correspondence with the determinations 
viously. The value of the sun's parallax, 848° + of Carrington and Spoerer from the spots alone ; while 
0013 ", determined by Professor Newcomb (Washington the slowing down asthe poles are approached is re- 
Observations, 1865), and now become classic, is adopted warkably verified ; for his results give, for the rota- 
in all the national astronomical ephemerides except tion period at latitude 75° no less than 38°54d. 3 
the French, whieh adheres to a larger value of Le; Duner’s observations were made near the time of 
Verrier. Independent determinations of this constaut | minimum spots, and it would be interesting to repeat 
below given show the measure of modern precision in | the determination near the epoch of maximam spotted- 
this important field of research; and the relations of | ness. 
the values to each other will be apparent on reealling| The sun’s axis is inclined 83° to the plane of the 
that the addition of 0°01" to the sun’s parallax is | earth's orbit; and if prolonged northward to the 


equivalent to diminishing his distance about 105,000 | celestial sphere, the axis would intersect it near the 

miles. third magnitude star 6 Draconis, so that in March the 

( ‘opp elocity o t + 0°006 tember itis inclin * toward us. troseopie 

(1881) of the sunspots shows that their inferior bril- 

Venus, 1874 88 liance is due in part toa greater selective absorption 

(1881) Topp American Photographs, than obtains in the photosphere generally. Continu- 

4 0-084 ous and systematic records of the solar spots are now 

(1885) OBRECHT French Photographs, kept at Greenwich (in connection with Dehra Dun, 

Transit of Venus, 1874 881 + 006 India), at Potsdam, near Berlin, at Chicayo, and else- 

(1887) where, fine photographs of sunspots and 

(1887) E. J. Stowe British Contact Observa- the solar surface have heen obtained at Potsdam 

so at Meudon, Paris, M. Janssen has extraor- 

AM of | dinary success in photographing the sun’s surface in 

(1889) Harkwess Planetary Masses S75 + 0 016 detail, and the granulation is very sharply defined in 

(1800) BarreRMaNn Lunar Occultations S794 + OIG his originals. In viewing the sun with a telescope 

this granulation can be satisfactorily seen with a mag- 

(1898) Auwers German Heliometer Ob- | nifying power of about 400 or 500, under good atmo- 

(eee) Gru. (ip While the 42 years’ faithful work of Sehwabe, as re- 

(1898) Guu Small) (80) Sappho vised by Wolf and collated with other and scattering 

(184) Gu & Exxov} Planets / (7) Iris 8825 +0008 | results, gives an average sunspot period of 11} years, 

: there are great irregularities. During the latter half 

Also several other values of this important constant | of the seventeenth century, the ordinary progress of 


have been derived, and there is an increasing ten- | the spot cycle appears to have intermittéd ; the inter- 
dency to cluster round the figure 8°81". | vals between maxima have varied from 8 to 15% years, 
Professor Harkness published in 1891 a laborious | and between minima from 9 to 14 years. True inter- 
per entitled The Solar Parallax and its lated | pretation of this indicates with an approach to cer- 
Jonstants (Washington Observations, 1885), in which | tainty that the cause of the periodicity does not lie in 
this quantity is treated, not as an independent con- planetary or any exterior agency, but that it is seated 
stant, but as ‘“‘entangled with the lunar parallax, the | in the sun itself. 
constants of precession and nutation, the parallactic| The solar prominences, or hydrogen flames, are 
inequality of the moon, the lunar inequality of the ‘drawn in full sunlight, by means of a spectroscope ad- 
earth, the masses of the earth and moon. the ratio, justed delicately on the edge of the sun, this instru- 
of the solarand lunar tides, the constant of aberration, | ment reducing the sky glare. without dispersing very 
the velocity of lizht and the light equation.” Collat-| much the light of the prominence itself. This method 
ing the great mass of astronomical, geodetic, gravi- | has now been in common use more than a quarter of 
tational and tidal results which have been accumu-|a century. But by means of the spectro-heliograph 
lating for the past two centuries and applying the | devised by Professor Hale, of the University of Chicago, 
mathematical process known as a “least square ad- | the hindering effects of our atmosphere are in greater 
justment,” he derives the value 8°809" + 0 ’, giving | part evaded; and he is enabled to secure on a single 
for the mean distance between the centers of sun | plate (with single exposure) not only the photosphere 
and earth, 92,797,000 miles. A valuable bibliography | and sunspots, but the chromosphere and protuberances. 
of the entire subject concludes Professor Harkness’ | Also the same instrument (which utilizes monochro- 
weer, ; matic light, or light of a single color only) has demon- 
rofessor Newcomb, in his Klewents of the Four strated that the facula, which to the eye are ordinarily 
Inner Planets and the Fandamental Constants of seen only nearthe sun’s limb, actually extend all the 
Astronomy (Washington, 1895), on which his new tables way across the disk of the sun, iv approximately the 
of the principal planets of the solar system are founded, regions of greatest spot frequency. fessor Haie’s 


Thenceforward to the time of the next minimum the 
mean latitude of the spots tends to decline cont ing. 
ously. This fluctuation is calied “the law of zones.” 
Dr. Spoerer’s investigations farther show an «.ca- 
sional predominance of spots in the sun’s sout!ierp 
hemisphere not counterbalanced by a correspon: in 
in the northern. Also, during the last 
of the seventeenth century and the early years of the 
eighteenth, there seems to have been a remarkabl:: in. 
terruption of the ordinary course of the spot cycle, ind 
the law of zones, too, was apparently in abeyance. 

The latitude variations of the prom‘nences foilow 
quite closely the fluetuationsof the spots, although ex- 
hibiting a greater divergence between the sun’s two 
hemispheres than the spots do. 

Independently of his light and heat, the sun’s su. 
preme right to rule his family of planets is at once « 
parent from his superior size, and from his vasthy 
greater mass. Relative weights of common things 
readily give a notion sufficiently precise. Let the or- 
dinary bronze cent represent the weight of the earth; 
Mercury and Mars, then, the smallest planets, would, 
if merged in one, equal an old fashioned silver three. 
cent piece; Venus, a silver dime ; Uranus, a gold dou- 
ble eagle and a silver half dollar (or, what is about the 
same thing in weight, a silver dollar, half dollar and a 

uarter dollar taken together); Neptune, two silver 

ollars ; Saturn, eleven silver dollars: Jupiter, rather 
more than two pounds avoirdupois (37 silver dollars); 
while the sun, outweighing 750 times all the planets 
taken together, would somewhat exceed the weight 
of the long ton. 

As the sun shines with inconceivably greater power 
than any terrestrial source. an idea of its total light is 
difficult to convey intelligibly in terms of the ordinary 
standards adopted by physicists. Its intrinsic bright- 
ness, or anount of light per square unit of luminous 
surface, exceeds the glowing carbon of the electric are 
light about 844 times, or the glowing lime of the cal- 
|cium light about 150 times. 

** Even the darkest part of a sun spot outshines the 
lime light” (Young). Some rude notion of the total 
quantity of light received from the sun is perhaps 
obtainable on comparison with the average full moon, 
whose radiance the sun exceeds 600,000 times. In con- 


sequence of absorption of the sun's light by its own 
| atmosphere, the earth receives very much less than it 
| otherwise would; while ifthe absorbing property of 
| the atmosphere were entirely removed, the sun would 
'(aecording to Professor Langley) shine two or three 
times brighter, with a color decidedly blue, resembling 
the electric are. Asa further effect of this absorption, 
the intrinsic brightness at the edge is j that of the cen- 
ter of the disk (according to Professor Pickering); and 
Dr. Vogel makes the actinic See intensity 
only } for the same region. hile this shading off 
toward the edge is at once apparent to the eye. when 
the entire sup is projected on a screen, the rapid acti- 
nic gradation is more marked in photographs of the 
sun, which strongly show the effect of under-exposure 
near the limb, if the central regions of the disk have 
been rightly timed. 

Kirchhoff in 1858 formulated the following principles 
of spectrum analysis: 

1. Solid and liquid bodies (also under high 
pressure) give, when incandescent, a continuous spec- 
trum. 2. Gases under low pressure give a diseontinu- 
ous but characteristic bright line spectrum. 38. When 
white light passes through a gas, this medium absorbs 
rays of identical wave length witb those composing its 
own bright line spectrum. 

These principles fully account for the discontinuous 
spectrum of the sun. crossed, as it is, by the multitude 
of Fraunhofer lines. But it nust be observed that the 
relative position of these lines will vary with the na- 
ture of the spectroscope used; with a prism spectro- 
scope the relative dispersion in different parts of the 
| spectrum varies with the material of the prism; with 
a grating spectroscope (in which the dispersion is pro- 
duced by reflection from a gitter or grating, ruled 
upon polished speculum metal with many ‘thousand - 
lines to the inch), the dispersion is wholly independent 
of the material of the gitters, and it is called, tbere- 
fore, the normal solar spectram. Compared with this 
a prismatic spectrum bas the red end unduly com- 
pressed and the violet end as unduly expanded. 

Rutherfurd, assisted by Chapman, ruled excellent 
| gratings mechanically ; but the last degree of success 
|bas been attained by Professor Rowland, of Balti- 

more, whose ruling engine covers specular surfaces, 
| either plane or concave, six inches in diameter, with 
accurate lines up to 20,000 to the inch. The concav- 
ity of the gratings vastly simplifies the accessories of 
the for researches in which they are ap- 

licable. So great is the dispersion obtainable that 

he solar spectrum, as photographed by Rowland with 
one of these gratings and enlarged threefold, is about 
forty feet in length. x 

The superiority of his ruling engine consists prima- 
rily in the accurate construction and perfect mounting 
of the screw, which has 20 threads to the inch, and is 
a solid cylinder of steel, about 15 inches long and 1% 
inches in diameter. (Article *‘Screw,” Encyclopedia 
| Britannica, 9th edition.) The perfect gratings ruled 
| with this engine are now supplied to physicists al! over 
| the world. 

By means of a spectroscope properly arranged with 
suitable accessories, the sun’sspectrum has been both 
delineated aud photographed alongside of the spectra of 
numerous terrestrial substances. Foremost among re- 
|eent investigators in this field, and in mapping the 
| solar spectrum, are Thollon in France. Lockyer an 
| Higgs in England, Thalén in Sweden, Smyth in Scot- 


derives from his discussion of all existing data a de- 
finitive value of the sun’s parallax equal to 8 790". 
This important paper is a supplement to the American 
Epheweris for 1897. 

Possible changes of the sun’s diameter from time to 
time have been critically investigated by Dr. Auwers, 
of Berlin, and Professur Neweomb, with neyative re- 
sults; nor are the observations yet made sufficient to 
disclose any difference between equatorial and polar 
diameters. The heliometer pe ten the best means of 


measuring the sun’s apparent diameter or the angle 
subtended by its disk. The orbit of the earth being 
elliptical, this diameter changes in the inverse pro- 
portion of the earth’s varying distance from the sun ; 
atthe beginning of the year it is 32° 82" and 31' 28° 
early in July, the mean value being 32' 0". 


Supposing 


progressive methods of solar research will soon give us| land, and in America Rowland, Young, Trowbridge 
large accumulations of facular observations, from;and Hutehins. Their research, together with that of 
which the laws of their appearance may be finally de- | previous investigators, principally Kirchhoff and Ang- 
termined, and their connection with the formation of | strom, Vogel and Fievez, bas led to the certain detec- 
spots and prominences satisfactorily made out. Similar; tion of at least 35 elemental substances in the sun, 
results from the work of M. Deslandres, of the Paris | among which are: 


Observatory,. are given in Mr. Maunder’s paper in (Al) Aluminum. (Ag) Silver. 
Knowledge, for January, 1895. (Ba) Barium, (C) Carbon. 
Both spots and prominences have a well recognized (Cd) Cadmium. (Ca) Caleium. 


(Co) Cobalt. 

(Cr) Chromium. 
(H) Hydrogen. 
(Mn) Manganese. 
(Na) Sodium. 
(Se) Seandium. 
(V) Vanadium. 


(Cu) Copper. 
(Fe) Tron, 

(Mg) Magnesium. 
(Ni) Niekel. 

(Si) Silicon. 

(Ti) Titanium, 
(Zn) Zine. 


variation in heliographiec or solar latitude ; the former 
has been investigated by Dr. Spoerer, of Potsdam, and 
the latter by M. Ricco, of Palermo. Just before the 
epoch of a minimum (1888, for example) the spots are 
seen nearest the sun's equator; coincidently with the 
minimum these cireum-equatorial spots cease, and a 
. Series breaks out afresh in high solar latitudes. 
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rogen, iron, nickel, titanium, calcium and man- 
ete are the most strongly marked, Allthe oxygen 
lines of the solar spectram are due to the oxygen of 
ouratmosphere. Chlorine and nitrogen, so abundant 
on the earth, and gold, mereury, phosphorus and sul- 
phur, are as yet undiscovered. Also the solar spec- 
trum appears to indicate the existence of many metals 
in the sun not now recognized upon the earth ; but it 
just be remembered that our globe is known only 
-uperficially, and there is every reason for believing 
that the earth, if beated to incandeseence, would 
afford a spectram very like that of the sun itself. 

The chemical spectra of many metallic elements 
freed from impurities are not yet fully known, but 
these are in the process of thorough investigation by 
Rowland, and Kayser and Runge, of Hanover. Their 
researches will make possible a more searching com- 

rison with the solar spectrum, hundreds of the dark 
Enes in which are due to absorption by the earth’s 
atmosphere, and are consequently led _ telluric 
lines. Especial studies of these have been made by 
MM. Janssen, Thollon and Cornu, Becker and McClean. 
Whether the solar speetram is constant in character is 
not known; with a view to the determination of this 
question in the fature, Professor Piazzi Smyth con- 
ducted a series of observations for fixing the absolute 
spectram in the year 1884. Mr. Higgs, of Liverpool, 
studving those strikingly warked bands in the solar 
spectrum due to the absorption by oxygen in our at- 
mosphere, and known as “great B” and ‘great A,” 
finds that the double lines are in rhythmic groups, iu 
harmonious sequence, capable of representation by a 
simple geometric construction. 

Regarding the solar spectrum (prismatic) as a band 
of color merely, the maximum intensity of heat rays 
falls just below the red (at some distance inferior to 
the dark Fraunhofer line A); and that of light falls 
in the yellow (between D and E); and that of chemical 
or photographic activity, in the violet (between G and 
H); but in the normal spectrum these three maxima 
are brought more closely ther, approaching the 
middle of the spectrum, which nearly coincides with 
the yellow D lines of sodium. 

Beyond the red in the solar spectrum is a vast re- 
gion wholly invisible to the human eye; but modern 
physicists have devised methods for mapping it with 
certainty. Sir John Herschel, J. W. Draper and Bee- 
querel were the pioneers in this research, the last 
utilizing various phosphorescent. substances upon 
which an intense spectrum had been projected for a 
long time. Direct photographic maps of the infra- 
red regions are very difficult, because the actinic in- 
tensity is exceedingly feeble; and Abney, by means of 
collodion plates specially prepared with bromide of 
silver, has made an extended catalogue of the invisible 
dark bands. But Professor Langley has pushed the 
mapping of the infra-red spectrum to an unexpected 
limit by means of the bolometer, aaparvelously sensi- 
tive energy measurer of hisown invention. In order 
to understand in outline the operation of the bolome- 
ter, or spectro-bolometer, it is necessary to recall that, 
as the temperature of a metal rises, it becomes a 
poorer conductor of electricity ; aé it falls its conduc- 
tivity inereases, iron at 300° below Centigrade zero be- 
ing, as Professor Dewar has shown, nearly as perfect 
an electrical conductor as copper. The characteristic 
feature of the bolometer is a minute strip of platinum 
leaf, looking much like an exceedingly fine hair or 
coarse spider web. It is about inch long, y$5 inch 
broad, and so thin that a pile of 25,000 strips would be 
only an inch high. This bolometer film, then, having 
been connected into a galvanometer circuit, is placed 
in the solar spectrum formed either by a grating or 
through the agency of rock salt prisms; and as it is 
carried along the region of the infra-red, parallel to 
the Fraunhofer lines, the fluctuations of the needle 
may be accurately recorded. 

In this manner he first represented the sun’s iuvisi- 
ble heat spectrum in an energy curve; but his recent 
application of an ingenious automatic method, ac- 
cessory to the bolometer, has enabled him to photo- 
graph its indications in a form precisely comparable 
with the normal spectrum. Bolography is the name 
given by Professor Langley to these processes which, 
by the joint use of the bolometer and photography, 
have automatically produced a complete chart of the 
invisible heat spectrum equal in length to ten times 
the entire luminous spectrum of the sun, though indi- 
cations of heat extend still farther. A fuller account. 
of Professor Langley’s significant work will be found 
in Nature, vol. ]i (1894), page 12, and in the new Astro- 
— Journal fer February, 1895, published at the 

niversity of Chicago. The bolometer was built by 
Grunow, of New York, and forms part of the equip- 
ment of the astrophysical observatory of the Smith- 
sonian Institution at Washington. So sensitive is 
this delicate instrument that it is competent to detect 
a temperature fluctuation as minute as the millionth 
part of a degree Centigrade. It is proper to add that 
the researches conducted with such an instrument, 
often appearing remote and meaningless to a layman, 
are eminently practical in their bearing, as they per- 
tain cireetly to the way in which the sun affects the 
earth, and man in his relations to it; and to the 
method of distribution of solar heat, forming thus, 
among other things, a scientific basis for meteorology. 

At the end of the solar spectrum remote from the 
red is the ultra-violet region, ordinarily invisible; a 
portion of which may, however, be seen by receiving 
it upon uranium glass or other fluorescent substances. 
Glass being nearly opaque to the short wave lengths 
of violet and ultra-violet, the optical parts of instru- 
mexts for this research are made of quartz or cale- 
Spar, or the necessary dispersion is obtained by using 
the diffraction grating. The superior intensity of the 
chemical or actinic rays in this region renders photo- 
graphy of especial service ; and sensitive films stained 
with various dyes have been effectively employed. 
The painstaking investigations of Rutherfurd, Cornu, 
H. Draper, Rowland and Vogel have provided splen- 
did aps of the invisible ultra-violet spectrum, ex- 
ceeding many times the length of the visible spectrum. 


the earth’s mean distance, in the absence of its ab- 
sorbing atmosphere, the solar rays would raise one 
gramme of water three degrees Centigrade per minute 
for each normally exposed square centimeter of its 
surface. . . . Expressed in terms of melting ice, 
it implies a solar radiation capable of wperne | an ice- 
shell 54°45 meters deep annually over the whole sarface 
of the earth.” Professor Langley’s Researches on 
Solar Heat and its Absorption by the Earth’s Atmo- 
sphere; A rt of the Mount Whitney Expedition, 
was published as No. 15 of the Prof pers of 
the Signal Service (Washington, 1884), 

To express the solar heat in terms of energy: 
the sun is overhead, each square meter of the earth's 
surface receives (deducting for atmospheric absorp- 
tion) an amount of heat equivalent to 14¢ horse power 
continuously. In solar engines like those of Ericsson 
and Mouchot about % of this is virtually wasted. Of 
heat radiation emitted from the sun and passing alo 
its radius, Professor Frost finds that about 
absorbed in the solar atmosphere, which, were it re- 
moved, would allow the earth to receive from the sun 
1°7 times the present amount. Imagine the hemisphere 
of our globe turned toward the sun to be covered with 
horses, arranged as closely together as possible, no 
horse standing in the shadow of any other; then cover 
the opposite hemisphere with an equal number of 
horses ; the solar energy intercepted by the earth is 
more than equivalent to the power of all, these ani- 
mals exerting themselves to the utmost and con- 
tinuously. 

It is easy to show that ‘‘the amount of heat emitted 
in a minute by a square meter of the sun’s surface is 
about 46,000 times as great as that received by a square 
meter at the earth, that is, over 100,000 horse 
power per square meter acting continuously,” sins 
(Young.} If the sun were solid coal, this rate of ex- 
penditure would imply its entire combustion in about 
6,000 years. The effective temperature of the sun’s 
surface is difficu!t to determine, and has been variously 
evaluated, from the enormously high estimates of 
Secchi, Ericsson and Zéliner, to the more moderate 
figures of Spoerer and Lane, who deduced tempera- 
tures of 80,000° to 50,000° F. According to Rosetti, it 
is no less than 18,000° F., an estimate probably not far 
wrong. M. Le Chatelier, however, in 1892, found the 
temperature a little short of 14,000°. and Wilson and 
Gray about 12,000°. Dr. Scheiner’s recent observa- 
tions upon the peculiar behavior of two lines in the 
spectrum of magnesium confirm these lower values in 
a remarkable way, apparently showing that the sun’s 
temperature lies between that of the electric arc (about 
6,000°) and that of the electric spark (probably as high 
as 20,000°). A still later value is 40,000° C., derived by 
Herr Ebert, of Kiel, in 1895, by a method, however, in- 
volving much theoretic uncertainty. 

The maintenance of this stupendous outlay of solar 
energy is explainable on the theory advanced by Von 
Helmholtz in 1856, who calculated that an annual con- 
traction of 250 feet in the sun’s diameter will account 
for its entire radiation in a year—a rate of shrinkage 
so slow that many centuries must elapse before it will 
beeome detectable with our best instruments. Ac- 
cepting this theory, Lord Kelvin estimates that the 
earth cannot have been receiving the sun’s light and 
heat longer than bre years in the past ; and Pro- 
fessor Newcomb calculates that in 5,000,000 years the 
sun will have contracted to one half of its present 
diameter, and it is unlikely that it can continue to 
radiate sufficient heat to maintain life of types now 
present on the earth longer than 10,000,000 years in 
the future. But it is now known that there are ele- 
wents neglected in this computation which render a 
revision necessary and will probably extend this time 
very greatly. Assuming that solar heat is radiated 
aniformly in all directions, computation shows that all 
the known planets receive almost a two hundred- 
millionth part of the entire heat given out by the sun, 
the earth’s share being about one-tenth of this. The 
vast remainder seems to us essentially wasted, and its 
ultimate destination is unknown. 

To epitomize Professor Young's statement of the 
theory of the sun's constitution, generally accepted : 

(a) The sun is made up of concentric layers or shells, 
its main body or nucleus being very probably com- 

of gases, but under conditions very unlike any 
laboratory state with which we are eequainted, on ac- 
count of the intense heat and the extreme compression 
by the enormous force of solar gravity. These gases 
would be denser than water, and viscous, in consist- 
ency possibly resembling tar or pitch. 

(b) Surrounding the main body of the sun is a shell 
of incandescent clouds, formed by condensation of the 
vapors which are exposed to the cold of space, and called 
the photosphere. Telescopic scrutiny shows that 
the photosphere is composed of myriad ‘ granules” 
about 500 miles in diameter, excessively brilliant, and 
apparently floating in a darker medium. 

(ec) The shallow, vapor-laden atmosphere in which 
the photospheric clouds appear to float is called the 
“reversing layer,” because its selective absorption 

roduces the Fraunhofer lines in the solar spectrum. 

t probably is somewhat less than 1,000 miles in thick- 
ness. The reversing layer contains a considerable 
quantity of those —o which have given rise to the 
brilliant clouds of the photosphere, just as the ter- 
restrial atmosphere adjacent to clouds is itself satu- 
rated with the vapor of water. 

(d) The chromosphere and prominences are perma- 
nent gases, mainly hydrogen and helium, mingled 
with the vapors of the reversing layer but rising to far 
greater elevations than the vapors do. Jets of incan- 
descent hydrogen appear to ascend between the pho- 
tospheric clouds, much like flames playing over a coal 
fire. Calcium vapor is the most intensely marked of 
all the metals in the solar s uw, even more so than 
of iron, which has over 2, line coincidences, while 
calcium: has only about 80 

(e) Still above photosphere and prominences is the 
eorona, hitherto observable only during total eclipses, 
and extending to elevations far greater than any truly 
solar atmosphere possibly could. The characteristic 
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The constant of solar heat, first investigated by 


Herschel and Pouillet in 1887-38, was redetermined by , Professor Keeler to a distance of 325,000 wiles. But 
Professor Langley, in 1881, He adopts three calories | 


(small) as the solar constant. which signifies that “at 


green line of its spectrum, due to a substance not yet 
discovered on the earth, and hence called ‘** coronium,” 
is brightest close to the sun’s limb, and during the 
eclipse of January 1, 1889. it was traced outward by 


hydrogen and coronium, because of the dark lines 
seen to cross its spectrum. ‘These indicate solar light, 
reflected probably from small meteoric particles, 

sibly the debris of comets, circulating about the sun in 
orbite of their own, 

Dr. Huggins and Dr. Schuster maintain the view 
that the coronal streamers are in part due to electric 
discharges. The corona appears to be a very complex 

henomenon, and as yet it is only in part understood. 

wo rival theories are now prominent: Mr. Schae- 
berle’s mechanical theory (Lick Observatory Reports 
on the Total Eclipse, December 22, 1889), and Professor 


When | Bigelow’s theory (The Solar Corona, discussed by 


Spherical Harmonics, Washington, 1889), that the 
coronal light is merely a phenomenon of the sun's 
magnetism. But neither of these theories has yet 
been shown competent to undergo the ultimate test— 
that of predicting the general configuration of the 
coronal streamers at future eclipses. 

Among modern solar theories may be mentioned 
that of Schmidt (1891), an optical theory of the solar 
disk, making the sun wholly gaseous, in fact, a planet- 
ary nebula, existing in space without a definite out- 
line any where, as we see it; so that the photosphere 
would an apparent or optical surface merely, and 
not a real or natural one, such as the sun’s disk and 
limb seem actually to be in the telescope. The best 
English exposition of Schmidt’s theory is that of Herr 
Wilezynski, of Berlin, in the February (1895) number 
of the Astrophysical Journal; followed in the same 
issue by Professor Keeler’s clear statement of certain 
practical objections to this theory. If Schmidt’s theor 
were true, it is exceedingly improbable that the sun's 
apparent or angular diameter would remain practically 
a constant quantity, as we know it does. Also may 
be mentioned the theory of the sun by Dr. Brester, 
of Delft, published in 1892, and characterized by 
much novelty, Rejecting the hypothesis of eruptional 
translation of solar matter, he conceives the sun to be 
a relatively tranquil gasedus body, of essentially the 
same elementary composition as our earth; and he 
attempts to show, in accordance with well known pro- 

rties of matter, that the same cause which would 

eep the mass in repose must produce also *‘ chemical 
luminescence,” as he terms it. Great material erup- 
tions, then, are merely deceptive appearances, being 
simply moving flashes in tranquil incandescent gases. 
Neither of these theories, however, is accepted to any 
great extent by practical students of the sun and ob- 
servers of solar phenomena. 

The surface of the sun (pbotosphere, spots, facule 
and prominences) is now a subject of daily study at 
many observatories, particularly at Potsdam, Meudon, 
Rome, and the Kenwood Observatory of the Univer- 
sity of Chicago, where Professor Hale has instituted 
many significant innovations, in which he has been 
closely followed by M. Deslandres, of Paris ; and ob- 
servations are rapidly accumulating, the complete dis- 
cussion of which ought soon to settle many points in 
the solar theory now disputed. But as thesun’s corona 
is visible only a few hours in a century, our knowledge 
of that object makes haste very slowly, and must con- 
tinue to do so, unless the photographic method of Dr. 
Huggins (apparently successful in 1883, though later 
not), or of other investigators, shall make it possible 
to stady the brighter streamers of the corona without 
an eclipse. Results of a patient series of recent at- 
tempts, however, are not encouraging. But it is weil 
worth noting that an application of Professor Lang- 
ley’s bolometer, lately proposed by Professor Hale, 
though not yet put into execution, may still enable us 
to map the corona at any time by means of the minute 
variations in its heat from part to part. And many 
astronomers are hopeful that this ingenious suggestion 
may yet give a trustworthy outline pieture of the 
corona in full sunlight, although the ability to picture 
it directly may forever bedenied. Davin P. Topp. 

Amherst College. 


THE POSSIBLE REVIVAL OF VIRGINIA 
CITY, NEVADA. 


THE Comstock lode, on Mt. Davidson, Nevada, has 
proved to be the most extraordinary of fissure veins, 
and the aggregate of its output has surpassed the 
wealth of any similar mining region in the world. 
Over $300,000,000 has been extracted from this phe- 
nomenal deposit, in which the ratio of the precious 
metals was about sixty per cent. of silver and forty 
r cent. of gold. But a sad era of decline long ago 
an, and the giory of Virginia City waned with the 
advent of a period when bonanzas disappeared, mines 
closed, and the “lower levels,” rendered intolerable 
from heat and flooded with water, were reluctantly 
deserted. It is difficult to draw a contrast more con- 
plete than that between the riotous and flaunting dis- 
sipation, with all the attendant activities its entertain- 
ment demanded, which prevailed in this mining town 
in 1865, and the sobered life which now or has until 
recently reflected the changed conditions and pros- 
pects of the mines themselves. And now again its 
revival seems imminent through an awakened con- 
sciousness spreading among the mine owners that the 
New Brunswick lode in its — and theoretical 
identity of construction with the great lode itself, the 
Comstock, may repeat, if even in a diminished mea- 
sure, the wonderful story of that unexampled pocket 
of natural wealth. 
The general geology of the region in which this 
famous vein occurs has been described in various pub- 
lications by different writers, and the detail of the 
lode itself has been discussed by Richthofen, Church, 
King, Becker, and Zirkel. The Virginia range is itself 
a spor of the Sierra Nevada, and, as King has grapbi- 
cally depicted it, “from its summit may be seen the 
sinks and alkaline lakes, the vast stretches of blank 
naked desert, varied by beds of dazzling saline efflor- 
escence, where, in the blazing heat, columns of parched 
air whirl upward, laden with acrid dust and drifting 
sand.” This region has been one of great dynamic 
disturbance ; its strata, ranging from the Archean to 
the Jurassic, have been crumpled by crustal uplifts and 
shrinkage, and dikes of igneous rock have welled up at 
separated intervals through the dislocated and creviced 
beds, and poured out over its surface, the whole now 
solidified into a complex of varied lithological expres- 
sion. Decomposition and molecular rearrangement 


much of the coronal light is known to originate in 
something other than the gaseous incandescence of 


have eaten into the original combination, and the 
subterranean exploration made by opening the Com- 
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stock lode has revealed the deep-seated sources of 
heat whose influence, in conjunction with the prevail- 
ing saturation of water, has introduced the most radi- 
cal mineralogical changes and formed vast masses of 
soft products of decomposition, which fill in the inter- 
stitial chambers, fissures, and cross cuts with quartz 
and clay. 

The accompanying cross section, taken from King’s 
‘Survey of the Fortieth Parallel,” shows the Com- 
stock lode and its relation to the inclosing rocks of 
Mt. Davidson. The Comstock lode is a fault between 
the syenitie or granitic mountain mass of Mt. David- 
son and the voleanic areas to the east. It has been a 
conduit and a trough of metalliferous concentration 
and deposition. It displays an intricate network of 


emanations from the interior or profound recesses of 
thermal activity, whereby corrosive gases and hot solu- 
tions, brought into action through the rents effected 
by voleanie eruptions, slowly accumulated throughout 
the shattered cellular and disorganized rocks their 
rich inelosures of gold and silver. Becker, however, 
regards the deposits of valuable ore as effected by 
lateral secretion, whereby aggregations and concentra- 
tions of ore were derived from the inclosing rocks. 
Now, upon the first hypothesis it could safely be 
affirmed that the main arteries of conduction were 
nearest or close beside the wall of Mt. Davidson, along 
its syenitie face, and that their influence would bave 
extended eastward more and more as the u r levels 
of the original fissure became charged, or the broken 
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seams, and is invaded by “ horses” of the most diverse nature of the rock allowed a more and more complete 


sizes and shapes. 
crushed quartz are significant features in its contents, | 
and these soft yielding bodies presented a new problem 
in mining to the men first engaged in developing this 
region. The east wall, that toward the Propylite, has | 
proved the richer, and on this, the hanging wall, the) 
evidences of mineralogical change and solfataric suffu- | 
sion are persistent and remarkable. The important 
question that has now arisen, and brings back to the 
whole mining community an expectancy not felt be- | 
fore for many years, is the character and import of the 
New Brunswick lode, a vein, somewhat sparingly ex- 
plored, which lies to the east of the Comstock lode 
proper, and which, with an extraordinary mimicry, re- 
peats the curves and contour of that stupendous de- 
xogit. This singular effect of duplication is well shown 
n this cat, reproduced from Becker’s *‘ Geology of the 
Comstock Lode.” 

The question has been asked during the last year 
with increasing frequency, Is it possible that this New 
Brunswick seam conceals a wass of wealth similar to 
that of the Comstock, whose bonanzas stupefied two 
hemispheres ? The question has in the light of expe- 


Mt Davidson. 


rience received only an indifferent auswer. It is true 
explorations have been made in the drifts of the Oc- 
cidental mine and elsewhere, and a slender return has 
been secured, but no thorough, convincing search has 
been made, and from such explorations as have been 
instituted, the geology of the lode does not yet seem 
to be revealed. When Becker examined this district 
(and his is the last important publication on the sub- 
ject), most of the mines were Gosed. 

The speculative question is an interesting one, but 
speculation hardly meets the requirements of capital, 
except so far as, on experience, it encourages 


capital to new enterprises. In the first instance a defi- 
nite theory as to the origin of the precious ores must 
be defined. Were the auriferous and argentiferous 
contents of the Comstock derived by sublimation and 
aqueous circulation from very deep-seated sources or 
were they the results of lateral secretion? Richthofen 
and apparently King ascribed the source of the ores to 


Sheets of clay and pockets of , extravasation eastward. The quartz contents of both 


the Comstock and New Brunswick show a similar 
history, though, so far as known, the development of 
the quartz chambers seems far more extensive on the 
Comstock than on the New Brunswick. But, at any 
rate, this taken in connection with their 
topographic identity, points conclusively to a real 
structural analogy between them. This granted, 
there would arise a strong suspicion that the vertical 
extension of these lodes would bring them into con- 
vergence, and that their ultimate origin has reference 
to some common thermal center. It is true that the 
andesitic dikes east of the New Brunswick are consid- 
ered later in time than those andesites which forced 
their way through the propylite to the west, and it is, 
therefore, possible, as King surmises, that the solfa- 
taric action, wnich sueceeded the first flows and was 
dormant or extinguished at the later exudations, may 
not have so largely influenced the contents of the New 
Brunswick. 

Again, upon the hypothesis of lateral secretion or 
the view that a peers of leaching has taken from the 
inclosing rocks their disseminated gold and silver and 


concentrated them in the veins, the outlook for mining 
possibilities seems more promising than upon the 
theory of ascension. Dr. Becker took great pains to 
make an examination of the metallic contents of the 
inclosing rock of the Comstock, and believed that he 
established the probability of a sufficient percentage 
of gold and silver in the ee reck to account for 
the large yields of the Comstock itself. The diabase 
seemed to him the more general source of the metals, 
and to the augite in the diabase he attributed the 
most important contributions. The New Brunswick 
lode is surrounded or inclosed by augitic andesite, and, 
as a matter of fact, the Occidental mine, so far the 
most productive on this vein, lies in the midst of this 
rock. The processes of alteration have been going on 
in this rock extensively, and the logie of inferences 
would prove as probable that the sequence of events 
on the Comstock would be realized on the New Brans- 
wick, and that ore bodies would have been formed. It 


is true that Becker limits his ascription of the origin: 
metals to the augite of the diabase, and that in thy 
andesites he found but a small percentage of silver. 
But the fact that there was found even a small amount 
of silver in the andesite would encourage exploratio., 
while the probability that there are below the surfac.. 
eastward from Comstock, strong bodies of diabase h:. 
been indicated by Becker himself. This seems to be . 
matter of importance, and if this diabase can be estal)- 
lished on the New Brunswick, we believe it will be «: 
lower levels than those yet reached. It is certain thi: 
the area of decomposition overlaps the Brunswick «at 
its surface, while it seems more than likely that it has 
a wider extension below the surface, and it is in this 
area of decomposition that the precious metals have 
been gathered. 

Viewed broadly, there is a working probability that 
the New Brunswick lode will repay exploration, but 
it can be confidently asserted that it must be carefully 
conducted and pushed downward to the lower levels, 


(From Natvurs.] 
THE TICK PEST IN THE TROPICS. 


TuHosk living in temperate climates have probably 
small idea of the virulence of insect and other pests 
in the tropics. A plague of caterpillars may destroy a 
season’s crop in England, but there is the winter’s frost 
to be through before a second attack need be 
feared. lt is otherwise in the tropics. Vegetation is 
much more luxuriant, and the food supply is perma- 
nent; and when once a plague has obtained a firm 
foothold there is no apparent reason why it should 
cease its ravages before it has entirely destroyed its 
particular host. 1t is fortunate for agriculturists that 
the great increase of any particular parasite seems 
ultimately to work out its own destruction ; and fre- 
quently when all hope seems over the plague rapidly 
and unaccountably disappears. 

Surprise has been expressed that ticks infesting cat- 
tle have received so little realstudy. Quite recently 
the statement appeared that these parasites formed 
the least known partof the tropical fauna. Bnt a 
great deal has been done in this direction of recent 

ears, and there seems some hope of real progress 

ing made. 

Taking the conditions into consideration, it is a 
matter of great wonder that so few ticks exist in many 
parts of the tropics. No real attempt has been made 
to decrease their numbers, and there appears to be 
no season of the year when the climate is fatal to 
them. Vegetation is rank, and we know now that 
they can live to a great extent upon vegetable matter; 
further, even where there isa scarcity of small indi- 
poo mammals, there are plenty of horses and cat- 
le. The multiplying powers of ticks are enormous. 
In one case I determined the number of eggs from one 
female as over 20,000 (see Fig. 3), and almost all of 
these were fertile and produced young ticks. The in- 
crease in numbers of ticks in most countries is not 
marked, however, and we are driven to the conclusion 
that there is here, in the animal kingdom, a waste of 
material analogous to that in the seeding of parasites 
and saprophytes among plants. 

It is not surprising now and then to hear of a long- 
continued plague of ticks from one place or another 
where cattle rearing is a staple industry. In Ja- 
maica it is by no means uncommon for the trav- 
eler to get covered with ‘‘grass lice.” On pushing 
aside the branches overhanging the riding path, I 
have been immediately covered with firmly attached 
young ticks which needed much care and patience to 
remove. The ticks of Jamaica are now a very serious 
source of anxiety in cattle pens, and much loss is at- 
tributed to these parasites. 

During my stay in Antigua, complaints were loud and 
frequent of the ravages of a large tick which infested 
the cattle between the months of May and September. 
In the cattle and sheep farms of the Cape of Good 
Hope and Australia the “tick” matter is absorbing 
much attention. Specially large and annoying forms 
are described from India, Central Africa and Gentral 
America; while extraordinary tales are told of the 
destruction caused by these parasites in the cattle 
rearing districts of South America. Elaborate and 
expensive researches have been conducted in the 
United States Southern Experimental Stations upon 
the life history of the ticks and their relations to 
eattle; and the exhaustive reports, issued from the 
Bureau of Animal Industry, form by far the most 
valuable part of our economic literature on these 


8. 

Perhe books of travelers teem with references to the 
annoyance caused by ticks. Sir Joseph Hooker, in bis 
‘Himalayan Journals,” describes their abundance in 
the frontier regions between Sikkim and Nepaul., in 

thless tracts destitute of animal life. He writes the 
ollowing concerning the neighborhood of Tonglo: 
** A large tick infests the small bamboo, and a more 
hateful insect I never encountered. The traveler can- 
not avoid these insects coming on his person (some- 
times in great numbers) as he brushes through the 
forest ; they get inside his dress, and insert the pro- 
boseis deeply without pain. Buried head and should- 
ers, and retained by a barbed lancet, the tick is 
only to be extracted by foree which is very painful. 
have devised many tortures, mechanical and chewical, 
to induce these disgusting intruders to withdraw their 
proboscis, but in vain.” 

Bates, on passing through the grassy lanes of the 
second growth woods onthe Amazons, often found 
himself covered by ticks. It occupied him, he says, 4 
full hour after his day’s work to clear himself of the 


parasites. 

Belt refers to the “grass lice” on the plains of 
Nicaragua, as quickly covering any one traveling 
through the country ; so much so, that the herdsmen 
or ‘‘vacqueros” keep a ball of soft wax with which to 
rub themselves. The smaller ticks are thus removed 
frome Shale skin, while the larger ones are picked off by 

an 

Many atime, in walking through grass in the Lee- 
ward Islands, I have been conscious of the peculiar 
itching at the ankles caused by the attacks of ‘‘ bete 
rouge.” The bete rouge is not in reality a tick, 
although often confused with it. Horses seem to be 
particularly liable to its attacks, with the result that 
they lose all the hair about the face and eyes. [nu all 
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bability the poor animals suffer a deal, for 
the personal irritation isextreme. The bete rouge is 
exceedingly minate, and, as its pame implies, is of a 
brilliant searlet, At night, after retiring to rest, the 
warmth of the body seems to increase the irritation 
tothe utmost piteh, and sleep becomes absolutely 
impossible. Rua bing or scratching the parts attacked 
mercly intensifies the discoufort, the creature pushing 
itself deeper into the flesh. Most painful sores are 
the result if the greatest care is not taken. The one 
certain remedy seems to be to anoint the iuflamed 
spots with vaseline. This substance not only soothes, 
but appears to destroy the bete rouge by stopping up 
its breathing pores, I have never succeed in de- 
tecting the creature on the skin, but, when reading in 
or near an infested lawn, 1 have captured many by 
watching forthe minute scarlet dots traveling over 

white r. 
by ticks to cattle is undoubtedly 
very serious. According to observations by Leidy. 
the adult female tick is able to absorb 100 times its 
weight of blood, swelling during that time to an 
enormous extent. This food is rapidly changed into 

; The adult male does not increase appreciably 
in size, but his demands upon the host have probably 
been greatly underrated, An account of tick-infested 
eattle in:{Queensland states that they were so complete- 
ly covered that the branding iron had to be burned 
through the ticks before it was possible to reach the 
animals’ skins. A case in Texas is mentioned where it 
was found impossible to - a silver dollar upon the 
body of the animals without touching some ticks. 
Again in Texas, 100 full grown ticks were collected 
from each ear of a pony, while many immature ones 
were left behind. The mere abstraction of blood must, 


in this case, be a very serious drain upon the system. 


THE GREAT ANTIGUA GOLD TICK. 
Hyalomma venustum, Koch. 1. Mature male, natural size ; colora, gold, 
scarlet, and black. 1a. Magnified ventral view. 2. Female, mature but 
not inflated ; colors, shield black with flesh-colored and gold spots ; body 
dark green. 3. Female full of blood, natural size ; color, dark green. 4. 
‘The same female as in 3, after 20,000 had been laid. 5. Female 
into which male had accidentally inserted his proboscis; both magnified. 


When one considers, further, the irritation experi- 
enced by travelers from the few ticks fixed upon them 
in their daily rambles, it may be safely concluded that 
the penetration of the countless proboscides into the 
skin of cattle must of itself be asource of great discom- 
fort, especially as these animals are quite unable to get 
rid of them. 

_ Calves not uncommonly are destroyed by the forma- 
tion of balls of hair in their stomachs ; and in tick re- 
gious this is undoubtedly due to an attempt to get rid 
of the parasites by licking and biting them off. 

It is quite conceivable, then, that ticks do really 
cause the death of multitudes of cattle on the great es- 
tates where itis impossible to examine them closely. 
We should, however, approach this part of the sub- 
—_ with caution. Sickly cattle are usually covered 

y ticks, while the healthy ones have only a few; but 
it is questionable whether the ticks are the real cause 
of their emaciation. 

The case of ticks seems rather to be analogous to 
that of scale insects on plants. The latter pests ap- 

rin great quantities at any period of stress, when 
rom lack of nutriment or other cause the plants be- 
come weakly. Thus, in Antigua, there is a marked 
disappearance of scale insects with the commencement 
of the rainy season. 

{t seems probable that the prevalence of ticks upon 
certain cattle is rather due to conditions of the blood 
or skin of the animal, closely connected with its gen- 
eral nutrition. This is an exceedingly important mat- 
ter for determination, for upon it, as will presently be 
shown, depends the only meansof freeing the cattle 
from these pests. 

Thus far the direct effects of ticks upon cattle have 
been considered. Certain alarming facts lave lately 
been brought to light with regard to the relations 
existing between ticks and different. well-known cattle 
diseases. The subject is by no means new, having 
long been a fascinating one for cattle breeders. The 
“louping ill” or “trembling” of the north of Britain 

as been traced by some directly to the presence of 
ticks upon the sheep. The same may be said of a dis- 
ease called “ heart water” at the Cape of Good Hope. 
Finally, the United States Department of Agriculture 
has for the last five or six years been conducting ex- 
haustive experiments upon the connection between 
ticks and the Texas cattle fever, the results of which 
have appeared in the annual reports of the Bureau of 
Animal ndustry already referred to. 

There is, in this latter case, present in the blood of 
the cattle suffering from disease an infusorian which 
quickly destroys the red blood corpuscles. This min- 
ute organism has also been detected in the body of the 
tick. It has been again and again transferred from 
diseased anmmals to healthy ones by means of the tick, 
and tick alone. The presence of this infusorian is re- 
garded as diagnostic of the disease; and the effect of 
its corpusele-destroying powers i» seen all over the 

‘ ly, as well as in the red colored urine, which has 
won for the disease the colonial name of “red water.” 

Vicks, then, are in certain cases connected with the 
transmission of deadly disease. in how many more 
cases this is so remains to be investigated. It is quite 
posible that some of th. obscure cattle diseases in 


different parts of the world are caused by ticks, and 
that other countries will, in their turn, be forced to 
face this problem. 

There is now and then an outbreak of a severe skin 
disease among cattle in Antigua; and this disease does 
not appear to be known in the neighboring islands. 
Judging from the climate and peculiar conditions of 
Antigua, the scarcity of water and lack of nutritious 
food for part of the year might be considered sufficient 
to account for a local disease ; but there is also a | 
tick present, which has not been recorded from the 
other islands of the group. A loose theory has thus 
arisen that this “gold tick” is connected with, if not 
the direct cause of, the cattle disease. 

The evidence available does not tend to confim this 
idea, but it is obviously impossible to solve the prob- 
lem in the absence of proper appliances. I was led, 
however, to commence observations upon the gold 
tick, which may be of interest. 


Mr. A. D. Michael has determined it to be Hvalomma | 


venustum, which Koch described in 1847 from a single 
male specimen collected in Senégal. There is a local 
tradition in Antigua that the tick was introduced 
some thirty or forty years ago with some imported 
Senegal cattle; and this determination lends proba- 
bility to the belief. The male is a very beautiful crea- 
ture, decked in scarlet and gold, whence he obtains his 
name. The female is very large, one specimen being 
nearly an inch in length an ighing 0°17 oz. I caleu- 
lated the number of eggs by this female at over 
20,000. She commenced laying on July 31, and finish- 
ed, a shrunken mass, on September 10—a period of 


| The third and most important class of remedies is 
,closely connected with the nutrition of the animal. 
| If we can render the skin or blood of our cattle so dis- 
| tasteful to the tick that the latter wil] not attach 
| itself, we have a solution of the whole matter. We 
{should confer immunity upon our aniwals, and, at 
| one stroke, do away with the necessity of all the labor- 
| ious and expensive methods now in vogue for the de- 
| struction of these parasites. 

The first step in this direction has been taken: and, 

; in various parts of the world, most excellent results are 

recorded from the addition of small doses of sulphur to 
| the animal’s food. 
| It has already been noted that the food of animals 
hasan influence upon theirinfestation by ticks. Cases 
/are not uncommon among cattle breeders where a 

mere change of pasture will cause all the ticks to dro 
ee This change is obviously felt through the animal’s 
skin. 

It has also been mentioned that the ticks seem to 
congregate upon cattle in poor condition, while those 
with sleek skins are more or less untouched. Dr. 
Cooper Curtice (late of the United States Bureau of 
: Animal Industry) suggests, as an explanation of this, 
that there is in well-fed cattle an oily condition of the 
skin obnoxious to the ticks; and this suggestion is the 
more worthy of consideration when we remember the 
| aversion of these creatures to grease of any kind. 
| It iseertain that sulphur taken internally will render 
| the skin evil-smelling, by the exhalation of sulphuret- 
,ed hydrogen, a substance highly obnoxious to all 
parasites. The following seem to be the physiological 


exactly six weeks. The accompanying life-size draw-| changes which take place during the passage of the 
ings are of Antigua gold ticks. The first isa mature sulphur through the animal’s body to the skin. Sul- 
male. He is not usually larger than this, and may be phur taken in with the food passes the stomach 
seen moving rapidly across the ground, or firmly| unaltered. In the intestines a small portion is eahaget 
attached to the skin of the cattle close to a female. |into sulphides of hydrogen and the alkalies. Part 
The next three figures are of females, all mature, but|of these sulphides pass into the blood, and into 
at different stages. The first is undistended; the the tissues from the blood, and act chiefly upon 
second gorged with blood, and commencing to lay its! the central nervous system. The sulphides in the 
eggs; while the third is the same tick after the last | tissues are variously excreted. By the kidneys they 
egg was. laid. There is also the drawing of a curious are excreted as sulphates ; if in excess, part is also ex- 
case, in which a male had by accident attached him- creted in the form of sulphides, By the skin they 
self to a distending female—a mistake which resulted | escape as sulphides, giving the characteristic foul 
in the premature death of both. ; odor to the perspiration, and somewhat increasing its 
The period of incubation observed in the tick’s eggs | amount. 

varied from twenty-three to fifty-onedays. The young, The doses of sulphur should be small, but they 
ticks usually emerged in great numbers on the same | should be constant. The form in which the medicine 
day, and any eggs left unhatched quickly dried up. | is offered to the animals will best be decided by the 
In Antigua the gold ticks appear upon cattle, in uum- | manager of the estate. With stall-fed cattle there can 
bers, from May till September each year. It became) be no difficulty at all; but with the cattle of large 
important to determine what became of thew in the | estates, which are seldom bandled and sometimes not 
meantime ; and whether they passed the winter in the | seen for long periods, it will be necessary to prepare 
body of the parent, in the egg, or as young ticks. | the sulphur with salt as a “lick,” to which cattle will 
From experiments in the laboratory, it would appear | readily help themselves if it is scattered about. 

that the little ticks pass the winter months huddled| The success of thissulphur treatment has so far been 
together in masses of several hundreds at the roots of | encouraging, both at the Cape of Good Hope and in 


-| this class. 
at the most dangerous stage; and when we see the}: 


the old dead grasses. 

In considering the remedies for ticks, one is soon 
foreed to the conclusion that direct measures against 
the parasites themselves are of little avail. Methods 
of prevention are always preferable to those of cure, 
and in no case is this more so than with rasites of 
Besides this, they are practically invisible 


ugly, swollen, mature specimens, we know that their 
evil work is done. 
collected and burnt, however, as thus future attacks 
will be diminished. 

The treatment of pastures is a very important mat- 
ter. Here probably the parasite spends the greater 

of his early life—usually on the ragged bunches 
of old grass left from previous years. The proper feed- 
ing or cutting of the grass and the liming and drain- 
ing of the pastures will destroy myriads of the infant 
ticks or ‘‘grass lice.” For the sake of the animals, 
there is every inducement to render the pastures as 
nutritious as possible ; and ticks do not seem to trouble 
the sleek cattle of the berd. It is an undoubted fact, 
moreover, that the improvement in food, due tochange 
of pasturage, does in certain cases cause all the ticks 
to drop off infested animals. The first class of reme- 
dies will aim at cutting off the supply of ticks by treat- 
ing the pastures. 

The second class—one might say almost the only one 
which is attempted in the tropics—is the destruction of 
ticks upon the cattle. 

The common method of tying the legs of the animal 
eee hurling it to the ground, and smearing some 
tick-destroying compound over it, cannot be too 
strongly condemned, especially as there is no need for 
it whatsoever. Cattle = handled with impunity 
if some form of cattle bail is employed ; by this means 
they may be driven one by one into aswmall trap, where 
they can be treated. But even this is hardly neces- 
sary if the application to the skin is in the liquid form ; 
for with a powerful spraying machine, as many as one 
hundred cattle have been completely cov in the 
space of an hour. 

Of pastes and powders and fluids recommended there 
is no end; and it will serve no useful purpose to give 
detailed lists discussing the meritsof each. The points 
to be kept in view are that the liquid sbould be of an 
oily and non-poisonous nature, capable of clogging up 
the air pores of the ticks. It should be cheap, and 
easily applicable without handling the cattle; it 
should, finally, not easily evaporate, or be washed off 
by therains. A full discussion of remedies has recently 


All large females should be carefully | 


|the United States. Doubtless with continued study 
‘other similar preventive remedies will from time to 
|time be discovered, and thus rid the stockowners of 
| the tropics of one of their most dreaded enemies. 

C. A. BARBER. 


IVY AT CWM HIR ABBEY. 


ATTENTION has lately been directed to the Abbey 
of Cwm Hir as the sapposed resting place of the bones 
of Llewyllyn, the last native Prince of Wales. Very 
little now remains of the abbey. Human hands have 
torn nearly all the walls down, and ivy has helped to 
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IVY AT CWM HIR ABBEY, 


complete the ruin. While on the spot a week or two 
|ago I made one or two sketches illustrative of the 
| destructive work of ivy. The fragment illustrated 
|represents the base of a wall pier. An ivy stem 3 
, inches in diameter has bodily raised the pier from its 
| setting, and at the same time pushed it forward out of 
| the wall for 244 inches. In a second instance, an 4 


been published by me, the following being taken from | .tom 21 inches in diameter has pushed through a vert 


the summary at the end: 
washes for spraying are selected for description. All 
poisonous ones should be rejected, as there are non- 


acid dips and other liquids, wh evaporate quickly, 
need frequent applications, and should be discarded 


in favor of oily liquids or emulsions where the latter | 


are equally effective. The best of all these is the kero- 
sene emulsion regularly used for plants. There are 
many formule for the preparation of this; a useful 
one (for ticks) is given.” The formula referred to is as 
follows: ‘In two quarts of boiling water dissolve half 
a pound of soap; remove from fire; immediately add 
one pint of kerosene, and agitate. In from three to 
five minutes the liquid becomes creamy. It may be 
stored in this form in bottles or barrels. For use, add 
three of water to one of emulsion; mix thoroughly, 
and apply with a spraying pump.”* 


“A namber of types of | 


‘tation to effect the destruction of bui 


cal joint between two of the basal stones, and moved 
the wall to that extent. In so doing, the ivy has split 


poisonous preparations equ ally Carbolie two pieces three of the horizontal stones above. 
Cc 


G. 8. [Another illustration of the power of vege- 

dings is to be 
noted at Cliveden, Maidenhead, where a branch of a 
fig tree growing in a forcing house has pushed itself 


| between the courses of the brick wall at the front of 


| the house, and is heaving the upper courses of bricks 
out of the level. 


This branch is laden with figs, and 
well furnished with leaves at the present time.—ED. ]} 
—The Gardeners’ Chronicle. 


THE application of steam power to life-boats has been 
made a success in England. Instead of the ordinary 
screw propeller or paddle wheels, the power is applied 
bya jet of water forced out of the boat astern. One 
boat has disposed of the objections to it by making 


‘twenty-eight trips and saving fifty-one lives. 
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ON THE CONSTRUCTION OF THE 
EAST RIVER GAS TUNNEL* 


By Watton Ars, C.E. 


DuRING 1891 and 1892, the East River Gas Company, 
of Long Island City, a corporation with works situated 
on the Long Island shore of the East River, obtained 
from the New York State Legislature a new charter 
and such necessary legislation as to permit the exten- 
sion of their mains across the East River into the city 
of New York. This project had many important fea- 
tures to recommend it. New York, with an average of 
45,000 inhabitants to the square mile, presents, to a 
gas enterprise, the favorable conditions of a much con- 
centrated population. The citizens have long been 
strenuous in their efforts to abate all nuisances sur 
rounding their dwellings, and they are quick to appre- 
ciate improvements in that direction. As the manu- 
facture of gas in the heart of the city has been found 
very objectionable, the location of such works outside 
of the city is an important consideration. For another 
reason, the location of the works of the East River 
Gas Company was most happy; for while so situated 
as to derive the benefits of the enormous difference in 
vaiue between city and suburban real estate, yet these 
works are directly opposite the heart of the residen- 
tial district of New York and but half a mile distant 
from the city. Here twelve acres of land have been 
secured for plant purposes, with a river frontage of 
over 800 ft., on which there is sufficient toom for the 
erection of a plant of 50,000,000 ft. daily capacity. 

The most important point in this whole enterprise 
was how to bring the gas across the East River. The 
feasibility of constructing a tunnel under the river 
through which the gas mains might be laid was dis- 
cussed, and after some preliminary surveys and exam- 
inations, a route was decided upon from the works of 
the company at Ravenswood, Long Island City, to be- 
tween Seventieth and Seventy-first Streets, New York, 
passing ander Blackwell’s Island and the east and 
west channels of the East River. On about this line 
of location some eight or ten pipe soundings were made 
in the two river channels, all of which indicated a rock 
bottom; aud the results of these, together with surface 
indications, where at both the Lony Island and New 
York shores, as well as on Bloeckwell’s Island, bed 
rock lay exposed, led all to conclude that nothing but 
rock was to be encountered. On these investigations 
a contract was entered into on June 25, 1892. for the 
construction of a supposedly rock tunnel, which the 
contractor guaranteed to complete by April, 1893. 

Work was begun at the Ravenswood or Long Island 
side on June 28 by sinking a shaft about 200 ft. back 
from the river 9 ft. square, to a depth of about 148 ft. 
below the surface; while at New York, on July 7, a 
shaft of the same dimensions was started on private 
property fronting on Seventy -first Street and East 

iver, and sunk to a depth from the surface of 139 ft. 
In both these shafts rock was entered after about 8 ft. 
of soil; bat while the rock at New York was quite dry, 
at Ravenswood it proved seamy and very wet. 

The tunnel roof grade had been established at 109 
ft. below mean high water at the New York shaft, 
with a grade for drainage of one-half of one per cent. 
toward Ravenswood. This gave a minimum cover of 
41 ft. at the deepest point in the west or New York 
channel of the East River. where there is 70 ft. of 
water at mean high tide. The east, or Long Island 
chanuel, is comparatively shallow, the deepest point 
being only 3% ft. below mean high water level. The 
one thing feared was that fissures vielding large vol- 
umes of water might extend to the tunnei roof and 
largely augment the cost of pumping. The size of the 
tunnel section was to be 8 ft. 6 in. in height by 10 ft. 6 
in. in width, this giving sufficient room for the laying 
of two 3 ft. gas mains and one 4 ft. main. 

In the shafts, on both sides of the river, the head- 
ings were now turned. At Ravenswood the work was 
delayed by meeting considerable quantities of saity 
water, but at New York the tunnel was practically 
dry until toward the end of December, 1892, when, at 
a distance of 338 ft. from the shaft, a fissure was struck, 
yielding about a 3in. stream of salt water. The rock, 
to within 20 ft. of this point, had been the regular hard 
New York gneiss, with a dip toward Long Island of 
10° from the vertical, and a strike north and south at 
right angles to the direction of the tunnel. Here it 
gradually began to soften, becoming more and more 
micaceous until when about 2 ft. bevond the water- 
bearing fissure the rock suddenly terminated, running 
into a vein of soft material with the same dip and 
strike as that of the rock. 

This new material proved to be a vein, principally of 
decomposed feldspar, gray in color, crumbling easily, 
and with no perceptible grit. It still preserved a rock 
structure, and was perfectly dry when undisturbed, 
But its exposed surfaces were quickly acted upon by 
water, which it would absorb and then wash away 
quite rapidly. The water-bearing fissure and this soft 
vein were connected; more water was also met at the 
junction of the rock and the soft material, and later 
experience proved that in passing through these soft 
veins water was always to be found next to the rock— 
a sort of watercourse on both sides of the soft vein. 

Had it not been for encountering this water, the 
tunnel might have been carried through the soft ma- 
terial without employing compressed air, though the 
prudence of attempting this might be questioned, for 
nothing more insures the safety of both the nien and 
the work than compressed air in sub-aqueous tunneling. 

The finding of this soft material, so unexpected, was 
quite a setback to all concerned. However, it was de- 
cided to drive a small timbered drift about 4 ft. wide 
by 6 ft. high to investigate the ground ahead and find 
bow much of this material was to be penetrated before 
solid rock was agaia met. This drift was started and 
driven in for about 4 ft. Meanwhile a most destruc- 
tive action was going on between the water and the 
soft material. The water running along the face of 
the rock had washed out a cavity overhead in the soft 
ground. The walls of this cavity were gradually break- 
iug away, and the clay-like substance falling down 
would close the outlet of the water into the tunnel. 
The water would then accumulate in this pocket, soft- 
ening up fresh material on the sides until it had 
gained a sufficient head to burst through the dam 


NOTES 


* Read before the Boston Society of Civil Engineers, A 7, 1) 
From the Journal of the Aeeuciatiun of Kagineering Societies, 
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which confined it, when it would come rushing into 
the tunnel, carrying with it large quantities of ihe 
softened material. These rushes were accompa) ied 
by a loud bubbling sound that quite mystified ihe 
men, which was, of course, the sound of the air (is. 
the water in the cavity. As soon asthe pocket 
emptied itself, for a time the trouble was over 
until with the falling of more material the outlet was 
again closed and the operation was repeated. 

These rushes of water, with the accompanying sound 
of the bubbling air, soon became more and more 
alarming to the men. The cavity was constantly 
increasing in size and extending up toward the river 
bed. Each recurrence would now send the men run- 
ning for the shaft, by no meaus certain that the river 
had not at last made a connection with the tunnel. 

All work in the small drift was abandoned, and on 
December 31 a bulkhead wae hurriedly constructed at 
the face to prevent the threatened flooding of the 
shaft. Up to this time over 25 vards of material bad 
been washed into the tunnel. all of which had come 
from along the rock face. With the river bed only 45 
ft. above the tunnel roof, there is every reason to be- 
lieve that this bulkhead was put in none too soon, and 
a connection with the river narrowly averted. The 
bulkhead was well packed with hay to prevent as 
much as possible further washing of the material and 
a discussion was now entered into as to the method of 
future procedure. The contractors were in favor of 
abandoning the heading and returning to the shaft to 
sink to a lower level and start anew in hopes of meet- 
_ oo favorable conditions at a greater depth. 

here had been a somewhat similar experience on 
the Croton Aqueduct where that tunnel passes under 
the Harlem River. Soft material had been encoun- 
tered on the first established level, which proved so 
troublesome that after two or three unsuccessful at- 
tempts had been wade to passthrough it, it was finally 
decided to abandon the heading and return to the 
shaft, sinking some 150 ft. deeper. On this new level 
nothing but rock was enconntered. In the East 
River tunnel, however, the soft material was clearly a 
decomposed vein, and to what depth this decomposi- 
tion might extend was unknown ; so that as there were 
no well founded reasons in this case for expecting any 
better conditions at a lower level, it was decided to first 
attempt to drive the present heading in compressed 
air, leaving the sinking as a later expedient should the 
proposed means fail. 

Au arrangement was made with the contractors by 
which the company was to share the expense of the 
work in soft ground. It was at this time that the 
writer became connected with the work, having charge 
of installing and conducting the compressed air opera- 
tions for the company. 

To form the compressed air working chamber, a 
solid brick wall or bulkhead 8 ft. thick was built across 
the tunnel into gains in the rock about 40 feet back 
from the heading and containing a cylindrical steel air 
lock 6 ft. in diameter and 10 ft. long. 

In the engine room the 18 inch by 24 inch Ingersoll 
piston inlet compressor, used heretofore for running 
the rock drills, was supplemented by a small Rand’, 
compressor and both arranged to supply independent 
ly compressed air to the working chamber below. In- 
candescent electric lighting was introduced into the 
tunnel, which is almost a necessity in compressed air 
operations, as common illuminants produce an enor- 
mous quantity of smoke when burning in compressed 
air. A telephone was also taken into the working 
ebamber, by which instant communication could be 
had with the engine room in case any sudden increase 
of air pressure should be desired. 

On February 25, 1898, operations were commenced in 
the heading under 35 pounds of air pressure. The pre- 
vious work here had greatly increased the difficulties, 
and it was not long before the air pressure had to be 
raised to 42 pounds to control the water. 

The excavation was advanced under a cylindrical 
steel roof built up of plates 3 ft. long and 1 ft. wide of 
ly in. sheet steel, to the foursides of which were riveted 
angle bars 24¢ in. by 24% in. by Kin. These plates 
were bolted together in a heading about 6 ft. high. In 
the erection of this roof poling were used for 
each plate and a bulkhead carried down with each 
ring as erected. When the heading had been ad- 
vanced about 20 ft. from the rock a 12 in. by 12 in. yel- 
low pine mudsill was introduced along the bottom of 
the heading, and on this the roof was carried by means 
of radial timber bracing. The excavation was now 
carried down on both sides of this mudsill to a distance 
of about 10 ft. from the rock, the steel roof being ex- 
tended well down on the sides. A circular section was 
thus excavated in which brickwork was laid, four 
courses thick, and with an internal diameter of 10 ft. 
Between March 4 and 16 a great deal of trouble was ex- 
perienced. Air pressure was several times to 48 pounds 
and the work progressed very slowly on account of the 
many inrushes of water and softened material. 1t was 
not until April 8 that the last section of brickwork in 
the soft material was completed and rock again entered. 
after passing through 29 ft. of this decomposed mate- 
rial. Of the material met in driving through this vein, 
at first 9 ft. of the gray decomposed feldspar was pene- 
trated, a vein of 4 in. of hard quartz was then met, and 
this was followed by 6 ft. of pure white decomposed 
feldspar, smooth and soft as plaster. The remaining 
14 ft. was made up of layers of feldspar and chiorite. 
This chlorite, deep green in color, flaky and grease-like 
to the touch when wet, proved to be very troublesome 
material, as it was easily converted into a fluid state 
by the water, which was again encountered next tothe 


rock. 

At the Long Island shaft, the work up to this time 
had progressed to about 250 ft. from the shaft. The 
material so far encountered on this side was a hard. 
seamy gneiss, bearing considerable quantities of salty 
water, containing iron, lime and magnesia. Soft 
ground was now met at this end. in a seam about 4 [t. 
wide, of chlorite. 

As this material was perfectly dry and not thorough|y 
disintegrated, the tunnel was timbered through this 
seam without difficulty. Several similar veins were 
thus met. and passed ‘arena until, at a point 255 
ft. from shaft, where, after drilling for about 2 [t. 
through rock, a soft green, almost liquid chlorite 
vein was struck, which began flowing in through the 


drill holes with great force. 
These holes were plugged, but as it was necessary (0 
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know what was ahead, and as with 100 ft. of cover be- 
tween the tannel roof and the river bottom it was 
thoucht thac the condition of affairs could not be very 
serious, it was decided to continue driving ahead 
without air pressure, and with atimbered heading. To 
see what the material would do, several hand holes 
were put into the rock face with the object of blast- 
ing out a hole about 2 ft. square through the re- 
maining 2 ft. of rock, to the chlorite. Before blast- 
ing, however, the precaution was taken to build a 
bulkbead, some 40 ft. back from the faee. On firi 
the holes, an inrush of many yards of material too 

-e, which was finally checked by some rock frag- 
ments closing the opening through the rock. 

After several desperate attempts on the part of the 
contractors to control this material and make pro- 

. the work was finally abandoned in the latter 

of March, and as a 4-inch stream of water was 
now flowing from the heading, pumping was discon- 
tinued, and the shaft and tunnel allowed to flood. 

At the New York end, work was still being carried 
on, in compressed air. The rock encountered at the 
other side of the soft seam closely resembled the de- 
composed material which had been penetrated before, 
and consistec of alternate layers of feldspar and chlor- 
ite, with ap oceasional vein of quartz. It was quite 
soft, though requiring drilling and blasting, and 
eventually it had to be lined. After the heading had 
been driven about 69 ft. into this rock the company 
decided, in spite cf the uncertainty as to the material 
ahead, to remove the air pressure, and tocall upon the 
contractors to resume their contract. Upon removing 
the air pressure, however, the brickwork through the 
soft seam proved so unsatisfactory in exclading the 
water, that air pressure was again put on, and it was 
decided to line the brickwork with a circular cast iron 
lining. Although this brickwork was only 10 ft. in 
iuside diaueter, alining was designed 10 ft. 2 in. in the 


vance of only ten feet had been meade, a second soft 
seam was encountered about 80 ft. beyond the first 
one, and atest pipe was driven toa horizontal depth 
of 70 ft. without encountering anything solid. To 
avoid further delay, the driving of the test pipe was 
discontinued at this depth and preparations made for 
advancing the heading. For tunis test pipe 1 in. com- 
mon wrought iron pipe was used, whieh was driven in 
by a small machine drili and washed out at each 
lengthening of the pipe with a ¥ in. wash pipe. From 
these washins the different materials penetrated were 
sampled, with the following tabulated results : 


3 ft. gray decomposed feldspar and chlorite. 
11 ft. soft black mud, containing lamps of carbon- 
ized wood like charcoal. 
19 ft. hard black mud and sand, with nodules of 
22 posed feld 
t. gray decom eldspar. 
4 decomposed feldspar chlorite. 
11 ft. gray decomposed feldspar. 


Water was again found next to the rock, but was 
considerably held in check by the compressed air. As 
from the results of the test pipe there were uo special 
difficulties to apprehend from the indicated material, 
it was decided to drive ahead, under the open head- 
ing method, as this involved no delays in waiting for 
special machinery, The light steel cylindrical roof 
was again used in advancing the excavation, but for 
the permanent lining the cast iron rings were to be in- 
troduced instead of brickwork, as heretofore. A start 
was made on the 7th of August to drive the heading 
into the soft material, but two days later, after the 
work had been advanced six feet into the soft vein, 
orders were received to suspend all work on account 


of the pot financial depression of the time. This 
vas unfortunate, and couldit bave been anticipated 


A segment of the cast iron lining. 


‘The completed tunnel through rock formation. 
THE NEW GAS TUNNEL RECENTLY COMPLETED UNDER THE EAST RIVER, NEW YORK CITY. 


clear, as it was now desired to make the tunnel bore as 
large as possible. To put in this lining, some of the 
brick work had to be cut out, which was then re- 
moved in sections, enough for one ring of plates at a 
time. The lining consisted of rings of plates or seg- 
ments, each segment being about 3 ft. long and 1 ft. 
4 in. wide, with internal flanges 4 in. deep, from the 
back of the plate. The metal in both the back of the 
[eate and the flanges was 14 in. thick. All the joint 
aces of the segments were planed and 1 in. bolts used 
for fastening them together. A complete tunnel ring 
was composed of nine segments and a small inverted 
key, about 8 in. wide, 
ifficulties between the company and the contract- 
ors, which had been brewing for some time, now cul- 
minated, and the courts were appealed .to to settle 
their differences. This caused a cessation of work for 
a short time until the company were empowered to 
take possession and resume the work of construction 
for themselves. The work of putting the cast iron 
lining into the brickwork was necessarily a very slow 
operation. The lining was extended well into the 
rock on both sides of the soft vein, and a wall built 
at both ends between the rock and the iron lining, 
to confine the Portland cement at which was now 
ne aaced back of the plates. To effect this grouting 
4 in. holes had been drilled and tapped through 
th back of several plates in each ring. Through 
_ holes the grout was pumped by means of 
= -aineron pump, and after the space between the 
ckwork and the lining had been thoroughiy 
routed, the work was found, on taking off the air 
ore from the heading, to be perfectly watertight. 
. was not until toward the end of July that the 
ork of lining the brick was completed and driving 
Abead in the rock was resumed, Then, when an ad- 


a few days, the heading into the soft material would 
have been left unopened. As it was now, from being 
first disturbed and then abandoned, the water was 
allowed to soften up the black mud in the heading, 
and, in spite of the bulkhead, a considerable quantity 
of the material was washed into the tunnel. This 
stay of proceedings was utilized by making horizontal 
test boring in the heading on the Long Island side, 
At this shaft no work had been done since the depart- 
ure of the contractors beyond the building of a brick 
bulkhead and air lock in the tunnel. Compressed 
air had then been put on, which considerably re- 
dueed the amount of water flowing into the tunnel 


from the heading. The action of the compressed air 
had been somewhat peculiar, for notwithstanding the 
great depth of the tunnel below the river bed, at 10 
Ce pressure the air began to escape through the 

eading, and with a pressure of 35 pounds per square 
inch small bubbles of escaping air could be seen ris- 
ing to the surface for over 300 feet. up and down the 
river. This seemed to indicate that the ground above 
the tunnel had been honeycombed up to the river 
bottom by the previous washing in of such quantities 
of the soft green chlorite. As it was known that there 
were detached lumps of rock in this soft vein, 2 inch 
heavy pipe was used for the test boring, with drive 
well couplings. and a circular, hollow steel bit for the 
cutting end. This pipe was driven in the same way 
as the one on the New York side, and after ing 
through chlorite and various kinds of soft rock frag- 
ments, solid rock was again met at 32 feet. Into this 
rock a hole was drilled to a depth of 54 feet, using a 
small bit on the end of a 1 inch pipe and drilling 
through the test pipe. The rock beyond the soft seam 
was a soft white limestone. 


| With the prospect of resuming work the question | 


now arose as to the best method of proceeding; and, 
as a great deal depeuded upon the success of driving 
through the present headings, it was strongly recom- 
mended that the safest aud surest method, that of 
shield tunneling, be adopted in both headings, al- 
though necessarily entailing a large expenditure in 
plant, and delay in time for installation. This plan 
met with the company’s approval, and a shield and 
hydraulic plant were designed. As the nature of the 
material to be penetrated beyond the test pipes was 
unknown, this shield was so made that in paathe 
from rock to soft material, or back again to rock, it 
could be ereeted or taken apart again with a minimum 
of time and labor, so that it might almost be called a 
portable shield. As in both the tunnel headings there 
was but one air lock, and as it was inadvisable to re- 
move the air pressure from the headings, the different 
parts of ihe shield had to be of such _ size as could be 
passed through the air lock doors. This was accom- 
plished by dividing the shield transversely, separatin, 
the tail end section, or that which overlaps the tunne 
from the cutting edge section containing the working 
chambers. two sections were, of course, circu- 
lar, 11 feet *4 inches outside diameter. The tail end 
section was 8 feet 6inches long, and the cutting edge 
section 8 feet 8 inches long. Both of these sections were 
again divided, longitudinally, into four quadrants. 
The outside shell. in both tailend and cutting edge 
sections, was made up of one 4 inch and one 44 inch 
steel plates riveted together, and, at the four quadrant 
joints, there were 4 inch butt straps 12 inches wide 
running the whole length of the shield and uniting 
the quadrants and the two sections. The middle dia- 
phragm, separating the cutting edge and tail end sec- 
tions, was made of two plates, one riveted to each of 
the two sections, and these two plates bolted together 
with the butt straps united the sections. 


The cutting edge section contained two platforms, 


Interior of tron-lined section, showing Beach shield in operation. 
Drilling shot holes around an air lock. 


one vertical and one horizontal, of the same length as 
the section. 

To erect this shield the only riveting necessary was 
at the four butt strap joints in the tail end section, 
where it was necessary to preserve a flash surface on 
both sides of the outer shell. In the cutting edge part 
countersunk bolts were used through the butt straps. 
About 380 seven-eighth inch bolts and 160 rivets were 
used to erect the shield. Two doors closing each of 
the four working chambers were hung on the vertical 
platform, and were provided with fastenings so that 
the whole face could be easily cloxed. 

To drive the shield twelve 5 inch hydraulic jacks 
were used, designed for a working pressure of 5,000 

unds per square inch, or 600 tons on the whole shield. 

hese jacks were controlled by two block valves, one 
placed on each side of the shield. Each of these block 
valves consisted of six independent valves all in one 
compact a each of which had a pressure and ex- 
haust stem. alf inch XX pipe was used for connect- 
ing each jack with its valve, and 1 inch hydraulie pipe 
was used for the pressure main, which was connected 
with the shield block valves by three ewivel joint con- 
nections. To farnish the pressure, a very compact 
little pump, designed by Watson & Stillman, of New 
York, was used without ap accumulator, the pressure 
ane very nicely governed by a steam regulating 
valve. 

On September 22 work was resumed on the New 
York side, with a small force of men working days 
only, to excavate in the rock an enlarged chamber 
about 15 feet back from the face, in which to erect the 


* The shield here described is that known as the Beach hydraulic shield, 
designed by Mr. A. E. Beach of the Screwriric American The 
iu now very used for tunnel. through work, One of our 
ilustrations shows the face of the with the shield in place, 
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shield. This chamber was made circular, about 15 feet 
in diameter and 10 feet long. Back from this, the rock 
was taken out in a circular form of about 11 feet dia- 
meter, for some 14 feet, or enough for about 10 rings 
of the cast iron segments which were here erected in 
the rock, the spaces bet ween being thoroughly grouted 
with Portland cement. These rings were thas made 
solid in the rock to withstand the thrust of the shield 
jacks upon the lining. The blasting necessary in this 
work was made as light as possible, but it was not 
* without its effect apon the soft material in the head- 
ing, a considerable quantity of the black mud being 
washed through the bulkhead, while the braces showed 
signs of a heavy strain from the squeezing of the ma- 
terial. The shield arrived at the works on November 
10, and the work of erection was immediately begun. 
The sections were lowered down the shaft and taken 
through the air lock to the shield chamber. On the 
17th of November the shield was all assembled, and 
riveting the tail end sections was commenced. For 
heating the rivets in the air chamber a forge was used, 
with a hood to which was connected at the top a two 
inch pipe with a valve which extended through the 
air lock bulkbead. By means of this pipe all the ob- 
noxious gases from the furnace were removed from the 
air chamber. After the riveting was finished, the 
shield was brought to its right position for line and 
grade, the hydraulic jacks and valves put _ 
and the necessary connections made. On the 24th of 
November word was received that the work on the 
New York side was to be pushed with all possible 
speed, and a force was at once organized of three 


the work progressed more rapidly, and the shield soon 
reached undisturbed material, which was found quite 
dry and hard. It was still the same black mud, with 
occasional lumps like charcoal, and numerous nodules 
of pyrites, which glistened like silver in the black, 
peat-like mud. Mattocks were used by the men in the 
working chambers, who would clean out these four 
compartments to within a foot of the cutting edge. As 
soon as this was done hydraulic pressure was put upon 
the jacks, sometimes to the amount of 5,000 pounds per 
square inch, and the shieki forced ahead 16 or 18 
inches, enough for another ring of plates, the working 
chambers again being filled with the displaced ma- 
terial. On the 24th of December the last of the black 
mud was passed through, and lying next to it, at an 
angle of 40° toward Long Island, white decomposed 
feldspar was found, containing fragments of decom- 
posed quartz charged with sulphureted hydrogen. 
An important departare was now made in the method 
of erecting the cast iron lining rings by breaking joints 
with the segments. In all the iron-lined tunnels it has 
been the established custom to erect the rings with 
continuous horizontal joints. For some reason it was 
thought inadvisable to attempt breaking joints with 
the segments. The writer’s experience in the Hudson 
tunnel had shown him the importance of obtaining in 
soft squeezing ground a perfectly rigid tunnel ring. In 
a& material exerting hydrostatic pressure the tunnel 
lining is subjected to a resultant strain, tending to 
flatten the ring or decrease its vertical diameter. Any 
yielding to this strain results both in increasing the 
deforming pressure and in decreasing the power of the 


is impossible where the joints are broken, and, in the 
former instance, by breaking joints, the error is divi. 
ded and distributed around the ring until it disap. 
pears. On January 16, 1894, the end of the soft seam 
was reached with the shield, and rock was again 
entered after having passed through 98 feet of soft 
ground. This rock resembled slightly the rock on 
Blackwell's Island. It wasin a much shattered 
dition, with many loose heads and small, soft veing, 
As this material required support in the heading and 
a permanent lining, and as, in its present condition, 
there was no assurance that it might uot again pass 
into soft material, shield tunneling was still continued, 
Small machine drills were set up in the four working 
chambers of the shield upon arms bolted to the verti- 
eal platform, and the rock drilled and blasted just 
ahead of the shield. The progress of 4 feet per day was 
made in this material, of which there was about 65 feet, 
the rock then becoming much more solid with a roof 
that was self-sustaining, arrangements were made for 
removing the shield. On February 18, the work of 
removing the shield was begun, and two days later 
everything was ready for the regular rock tunnel 
work in the heading, the shield having been taken 
apart and removed in that time. 

At about the time that shield tunneling was being 
discontinued at New York it was being installed at 
Long Island. An entire duplicate plant had been or- 
dered for this side, for, although it had been origin- 
ally intended to use one shield for both headings, it 
was later deemed advisable to provide a shield for 
each heading, so that there might be no delay, should 


A VESTIBULE AND HALL.—From Moperne Iyyen-Decoratton. 


as, working in eight hour shifts. More rings were 

uilt on the ten rings already anchored in the rock, 

until the tunnel lining was brought within the tail end 
of the shield. 

The shield was now advanced until it was necessary 
to disturb the bulkhead, the remaining bench ahead 
of the shield being blasted out as the shield pro 
gressed. The most difficult part of the work was now 
reached, for at the point where the shield entered the 
soft, black mud on ee there still remained about 12 
feet of hard rock in the bottom, as the dip of this vein 
was over 40° toward Long Island. Blasting had there- 
fore to be continued in the bottom pockets of the 
shield after the top had entered the much softened 
material. As soon as the bulkhead was passed it was 
with great difficulty that the bottom pockets could be 
kept clear of the black slush from overhead. The ma- 
terial bad become so softened along the rock face that 
it was almost impossible to confine it, and several 
rushes of inflowiug materia) occurred, until finally an 

m connection with the river was established, and 
the tunnel was visited by crabs and mussels, together 
with bowlders, old boots and shoes, brick, and tinware 
direct from the river bottom. Notwithstanding these 
adverse circumstances the work was still progressing, 
although in 45 pounds of compressed air, which was 
now escaping through the heading and causing a very 
violent ebuilition on the river surface. This upward 
eurrent of air held in check the downward current 
of water, so that no efforts were made to vent its 
eseape. On December 13 the shield finally cleared 
the rock and was now fully entered into the soft, 
black mud. The main difficulty now surmounted, 


ring to resist the strain. Ina lining erected with con- 
tinuous joints the rigidity of the ring is dependent 
upon the bolting in the horizontal joints. At the Hud- 
son River tunuel a ring of plates were bolted together 
lying flat on the ground, the plates all brought to a 
true circle and the two 144 inch bolts in each joint well 
tightened. Upon raising this ring with a derrick so 
that it stood erect, the ring was flattened three inches 
by its own weight. At the gas tunnel a similar experi- 
ment was made. Two rings of plates were bolted to- 
gether, breaking joints, one ring being revolved two 
holes. These two rings were then raived upright, but 
no flattening could be detected. By means of a tura- 
buckle a measured strain was now brought upon the 
rings along the vertical diameter. At 16,000 pounds 
the vertical diameter was shortened 44 inch, the flanges 
of the plates cracking where the turnbuckle was at- 
tached. In these two instances there was, of course, a 
great difference in the size of the rings, those in the 
Hudson tunnel being 18 feet inside diameter, while 
those in the gas tunnel were only 10 feet 2 inches inside 
diameter. Aside from the rigidity gained, breaking 
ey has proved much the better plan in other ways, 
ith continuous joints two things are apt to occur: 
First.—The joint face where two rings meet may be- 
come slightly warped ; that is, all points on this face 
of the ring will no longer lie in the same plane. This 
may be caused by carelessness in allowing dirt to get 
into the joints between the rings. When this once 
occurs the warping increases with every additional 
ring till true joints can no longer be made. 
Second.—The rings may be erected so as to depart 
gradually from a true circular form. This latter case 


soft ground be met in both headings at the same time. 
In ing through the soft seam at Ravenswood 
with the shield, no especial difficulties were met. The 
material proved to be a mass of soft rock fragments, 
bowlders and cinder-like stones embedded in soft, 
green chlorite. About a month was consumed in pass- 
ing through this seam, removing the shield and pro- 
longing the cast iron lining well into the rock on both 
sides of the vein. With both tunnel headings now in 
rock, remarkably rapid progress was made, and as 
progress now had become of great importance to the 
company, « liberal bonus, arranged on a sliding scale, 
was given the foremen for work done over stated 
amounts. Up to the time of the headings meeting, an 
ave progress of 69 feet per week was made, while 
in rock, on both the New York and the Long Island 
sides. The record week of the work was the one end- 
ing June 27, when at Ravenswood 95 feet was driven, 
while on the New York side the heading was advanced 
101 feet, making a total for the week of 196 feet of tun- 
nel driven. 

Soon after the rock tunneling had been resumed on 
the New York side, this heading reached Blackwe!l’s 
Island, and the troubles on this side were over. But at 
Ravenswood with the heading in white limestove 
there was every reason to expect further soft seas 
where the rock should change to the granitic gneiss 0 
Blackwell’s Island. These expectations were not (is- 
appointed, for after passing through 350 feet of the 
limestone, and when within 200 feet of Blackwell's 
Island, a soft seam was met, and air pressure had to be 
once more used in the heading. As this seam was but 


14 feet in width, and presented no especial difficultics, 
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the tunnel was carried through it without using the 
shield, the cast iron segments being erected under a 
timber roof. Gneiss was encountered on the other side 
of this soft vein, which brought with it the assurance 
that the last of the soft-ground had been passed. On 
May 16a serious loss and delay was caused by a fire 
which destroyed the New York works. The fire 
started in an adjoining picnic ground, containing many 
light frame structures, which caused so fierce a con- 
flagration that it was impossible to save our works. 
This caused a delay of three weeks in the time of 
the tunnel’s completion. On July 11, 1894, the remain- 
ing 15 feet of rock between the headings was blasted 
away, thus opening the pioneer tunnel under the East 
River, two years from the time when ground was first 
»ken. 
o=— weeks were spent in clearing up and shut- 
ting out the water in the wet places. A three foot 
wain was now laid through to New York, and on 
October 15 gas was delivered into the city, accom- 
plishing the purpose of the tunnel. 


HE PARIS EXPOSITION OF 1900. 


Tux architects who have had charge of the general 
laying out of the grounds and buildings for the neh 
Exposition which will be held in Paris in 1900 have 
finished their labors. The annexed illustration was 

repared from advance drawings of the architects and 
Eeupposed to be a bird’s eye view taken from the 
Place de la Concorde, showing directly in front the 
entrance to the road called Cours la-Reine. This will 


area will be cleared for the commencement of the 
great avenue which is to connect the Champs Elysees 
with the bridge of the Esplande des Invalides, and 
for the erection of the new palace which is to stand on 
the right side of this avenue. ‘he other balf of the 
Palais de [Industrie will be preserved for two years 
longer, during which time it will be used for the vari- 
ous exhibitions now held there. At the end of two 
vears the new palace will be completed, and the vari- 
ous expositions can be accommodated, setting the 
other half of the Palais de l’Industrie free for demoli- 
tion. Afterward a second permanent palace will be 
erected on the new avenue, and these, which will form 
prominent features of the exhibition, will remain as 
monuments after its close. The Palais des Champs 
Elysees, on the right of the avenue, will contain the 
exhibits of modern art; on the opposite side will be 
the building devoted to retrospective art. The former 
of these buildings will have two entrances through 
rotundas, and giving access, on the one hand, to the 
Champs Elysees and on the other to the avenue, 
which will be known as the Avenue de I’ Esplanade des 
Invalides ; it will form a vast rectangle with a central 
gallery and two wings, but the side nearest the Seine 
will be open, and will, in fact, constitute a small park 
that will be enriched with the choice trees and shrubs 
so numerous in the Champs Elysees, and which will 
have to be displaced toa large extent in the alterations 
that will be unavoidable. In the other wing of the 
building there will be a great covered court, which, 
after the close of the exhibition, can be utilized for 


horse and similar shows. 


of the central avenue, the bridge and the avenue on 
the Champs Elysees. 

An important role it is intended that the Seine shall 
play in this forthcoming exhibition. It is pro 
that not only shall the wide, sloping banks on each 
side of the river be utilized, but that promenades 
shall be arranged on the water level. 

On the right bank of the Seine there will be first 
a series of historical reconstructions, followed b 
the Pavilion of the Ville de Paris and the build: 
ings of the Horticultural Section, for which there 
will be at least 20 acres covered. At the back and 


parallel with the river, on the road known as the 
Cours la: Reine, will be a long range of miscellaneous 
buildings—kiosks, cafés, restaurants, ete. Opposite 
the Trocadero there will be erected the Congress Hal 

which no doubt must be of very large proportions, see- 
ing that congresses on every possible subject have be- 
come inseparable attendants on universal exhibitions, 
On the opposite side of the river, pavilions will be 
erected for the service of certain special foreign ex- 
hibits, and near the Pont de Jena is to be placed the 
very important structure devoted to paval and mili- 
tary exhibits, while close by will be the —— of 
ocean and internal navigation exhibits. uch care 
will be given so to arrange this water front of the 
exhibition that it shall be one of the most attractive 
centers, and as during the evenings all the business 
river traffic will be suspended, the position will be 
admirably adapted for the numerous night fetes that 
will form a special feature of the exhibition. For the 


accomwodation of visitors passiug from one side of the 


THE FRENCH UNIVERSAL EXPOSITION OF 1900—BIRD’S EYE VIEW OF THE GROUNDS AND BUILDINGS. 


be the main entrance to the Exposition and will give 
access tu the Exposition grounds proper from the 
Place de la Concorde, which is in the heart of Paris. 
The general plan of the next Paris Exhibition may 
now be regarded as practically complete. The classi- 
fication and allotment committees have fixed the loca- 
tions of each group, and have also decided on the 
amount of space that shall be given to them; the 
methods of facilitating the circulation of the public 
within and around the Exhibition grounds have been 
decided on in principle, and after a few more ques- 
tions of detail have been determined on, the complete 
ne for this stupendous scheme, the cost of which 
estimated at about $20,000,000, will be submitted to 
the approval of the Chambers. The area inclosed by 
the boundary of the Exhibition will be about 270 acres, 
and of this 100 acres will be covered by buildings of all 
kinds. The actual size of the inclosure will therefore 
be less than half that of the Chicago World’s Fair, 
which is very fortunate both for visitors and exhibi- 
tors ; on the other hand, the covered area will be con- 
siderably larger, and a far greater outlay is contem- 
plated than at Chicago; the public may, therefore, 
anticipate a more satisfactory result, both as regards 
the artistic effect of the Exhibition and their own com- 
fort and convenience. It is intended to destroy the 
‘alais de ? Industrie; this work will not be so simple 
as night be supposed, as it must be carried out with 
due consideration for the numerous uses to which 
the building is put. One-half will be first demolished 
—that facing the Seine. By this means a sufficient 


It need hardly be said that practically all the trees 
in the Champs Elysees will be preserved, though, of 
course, many of them will have to be shifted, and the 
landscape gardening very possibly improved thereby. 
In one of the most picturesque locations in the park 
will be erected the pavilion of the government Sevres 
factory, where processes, as well as manufactured ar- 
ticles, will be shown. The Esplanade des Invalides, 
which forms a part of the exhibition, will be connect- 
ed with the Champs Elysees by a bridge that will be 
a good example of modern engineering practice. It will 
be of steel, ft. long and 328 ft. wide ; on this exten- 
sive platform galleries will be erected and flower beds 
laid out. On the Esplanade there will be a series of 
magnificent structures bordering on the main avenue, 
and continuing the perspective commenced by the 
Fine Arts palaces on the Champs Elysees. In this 
part of the exhibition there will be the buildings de- 
voted to the groups of education and teaching, the 
appliances and processes connected with literature, 
arts and sciences, as well as with the decoration of 
buildings and with furniture. On the esplanade all 
the trees will be Ps though possibly rearrang- 
ed, and there will be many small pavilions, scattered 
about this part of the exhibition, devoted to the prac- 
tical exhibition of processes associated with the indus- 
trial arts—bronze. ceramics, crysial and glass, the 
working of precious metals, jewelry, horology, leather 
work, etc. The further end of the esplanade will be 
covered with buildings, and conspicuous — them 
will be a great portal placed immediately on the axis 


Seine to the other, there will be two new bridges, in 
addition to the Pont de Jena and the Pont de l’ Espla- 
nade des Invalides. 

‘The ample space on the Trocadero grounds will be 
chiefly devoted to colonial exhibits, which it will be 
remembered occupied so brilliantly the Esplanade des 
Invalides in 1889. 

Here will be assembled pavilions containing colo- 
nial produce, mission exhibits, native villages ba- 
zars, reproductions of famous buildings, ete. Com- 

lete as no doubt this part of the exhibition will be, it 
is difficult to understand that it can be ane Ee 
than the similar display in 1889. As regards the Champ 
de Mars, it is not the intention to erect here the long 
series of buildings more or less similur, such as formed 
the chief features of the lust two great French Exhi- 
bitions. The buildings of the Beaux Artsand of the 
Arts Retrospectifs are to remain as well as the Ma- 
chinery Hall. Between these, and on each side of the 
Champ de M there will be erected long ranges of 
buildings extending down to the Seine; these build- 
ings are not to be uniform in design or in size; the 
highest and most important will adjoin the Machine 
Hall, and they will gradually decrease in size tow: 
the Seine, where they will be relatively smal], It is ex- 
pected that this arrangement will possess many advan- 
tages, among others those of an improved perspec- 
tive, and of showing at a glance the com tive im- 
portance of the oy which the buildings are de- 
voted. Near the Seine the smallest groups will be 
placed, or, at all events, those which do not occupy 
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mueb space, and this system of gradation is to be ex- 
tended toward the Machinery Hall until the buildings 
are sufficiently large to receive exhibits of the most 
bulky nature. It should be mentioned that this long 
range of pavilions is to be connected by two galleries, 
one on the ground level and the other on the first 
floor. 
It isto be regretted that the Machinery Hall of 1889 
ie to be preserved, yet it is doubtful whether it would be 
ible to devise a finer interior for the special purpose 
lor which it was designed. It will, however, be much 
altered by the creation of a vast salle des fetes in the 
center, while the ungraceful exterior will be completely 
masked by the range of miscellaneous pavilions to 
which we have just referred. 


We are glad to see that there appears no evidence of | 
a vainglorious desire to make a record at the 1900 Ex- | 


hibition with size of buildings; on the contrary, a 
leading idea seems to be to reduce the dimensions as 
far as possible and increase the number of structures. 

There must be exceptions, of course, in this, such as 
in the two permanent buildings that are to replace the 
Palais de Industrie, and in the Electricity Building 
that will form the main architectural feature on the 
Champ de Mars. But, as a rule, it would seem that 
beauty rather than size, and truetaste rather than 
ostentation. will be two of the leading characteristics 
of the Exhibition buildings of 1900. 

For onr engraving we are indebted to L’ Illustration 
and for the foregoing particulars to Engineering. 


[Frox tux Novereentu Century.) 
RECENT SCIENCE.* 
Ill, ATMOSPHERIC ELECTRICITY. 


Ws live ip an atmosphere which is loaded with elec- 
tricity. When heavy storm clonds obscure the sky, 
and, Laking those yellowish tints which are character. 
istic of electrified vapors, send toward the earth im- 
mense sparks of lightning, the electricity in the at- 
mosphere becomes visible. We may also collect it in 
the way Franklin and Buffon used tu collect it, by 
means of kites launched high in the air, and study it 
in the laboratory. Aguin, when cold weather sets in 
over the dry plateaus of Siberia or America, the air 
becomes sO permeated with electricity that a fur coat, 
thrown off in the obscurity, glitters with crepitating 
sparks, But even in cloudless weather in Western 
Europe, if. the naturalist walks about with a portable 
electrometer and measures the density of electricity 
in the air, as Lord Kelvin did many years ago, when 
he repeated Pouillet’s experiments on the séa beach of 
the Island of Arran, the continual changes in the in- 
strument’s indications will show that masses of highly 
electrified air are continually wafted along by the gen- 
tle breezes at a certain height, and thus transport and 
distribute electricity in the atmosphere. And, finally, 
the electrometer: which have been installed at many 
observatories—partly with the hope that their indica- 
tions would be of some help in the prediction of local 
storins and rains—show that at every moment of the 
day the charge of electricity contained in the atmo- 
sphere is changing, so that even at two spots situated 
near to each other the indications of the instruments 
may vary in the most capricious way. 

That the electricity which we find in the atwosphere 
may originate from various sources—from the evapo- 
ration of water which is continually going on on the 
earth’s surface, from the unequal heating of super- 

strata of air, from vegetation and even from 
chemical changes, which go on on the surface of the 
earth—was pointed out long since; and the relative 
importante of these different causes has remained a 
subject of controversy for the last seventy years; but 
it is only now that our ideas upon the whole -subject 
begin to take a definite shape. 
* A few years ago, two Austrian meteorologists, Elster 
and Geitel, intending to study the distribution of elec- 
tricity in the atmosphere at different heights, inaugu- 
rated a series of simultaneous measurements at the 
observatory which is planted on the top of the Sonn. 
blick (a high peak of the Tvrolean Alps), and in a val- 
ley at the foot of the peak. They had, however, to 
realize to their regret that their comparative measure- 
ments were a failure, because a waterfall which runs 


in the valley so much electrified the air around it, up| 
to an altitude of 1.600 ft., that no comparison was pos- | 


sible between the low-level and the high-level obser- 
vations. This unsuccess brought the question as to 
the electrifying powers of waterfalls again to the front, 
and Herr Lenard undertook a series of observations 
on their electrical effects in Switzerland. + It appeared 
that, to say nothing of large waterfalls, even the small 
ones, a few feet high, send into the air considerable 
charges of electricity, provided they bring down a large 
amount of rapidly dashing water. The smallest jets of 
water, which drip on the rock sides, and even roaring 
streamlets, have the same effect ; while above the sur- 
faces of quiet lakes no electrification of the air was de- 
tected, notwithstanding the constantly going on of 
evaporation. 

In further prosecuting his researches, Lenard came 
to the conclusion that the current theory which ex- 
poke electrification in the neighborhood of waterfalls 

the inductive action of the positive electricity 
which is usually aprons in the air during fine weather, 
is not supported by observation. He also’ remarked 
that neither evaporation nor the mere rushing of wa- 
ter drops through the air would explain the phenoim- 


ena, and that the chief cause of electrification of the | 


air is the tearing asunder of the drops of water as 
they fall upon the wet rock surfaces at the bottom 
of the waterfall. From these shocks electricity orig- 
inates, and while the surrounding air is loaded with 
negative electricity, the spray of water which rises at 
the foot of the waterfall is electrified positively. La- 
boratory experiments further confirmed this view. 
The amount of electricity developed by the mere pas- 
sage of a jet of pure water through air, or when water 

idee upon an inclined smooth surface, is insignificant. 

he drops must fall upon a hard wetted surface and 


break into minute droplets, in order to develop elec- | 


moreover, that a slight addition 


tricity. It appeared, 
tally 


of common salt to the water was sufficient to to 


* Continued from SurrLamEnt, No. 1021, page 16818. 
t Wiedemang's Annalen der Physik, 199%, bd, xlvi, p. 664 
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modify the effects, and to electrify air with a positive 
charge instead of a negative. 

Lenard’s observations and experiments thus give a 
new meaning to the experiments pe ae Lord Kel- 
vin and Messrs. Maclean and Goto a proved that 
air, even absolutely dust-free, can be electrified by a 
jet of water. By letting such a jet run for months 
within a vat inserted over a large wooden tray filled 
with water, so that all possible dust was eliminated, 
it was proved that air was electrified, and that it re- 
tained its charge for a certain time.* It was also shown 
—and this is of great importance for the knowledge 
of atmospheric electricity—that the above source of 
electrification is by no means insignificant. It may be 
such as to bring masses of air and cloud into motion 
with nearly the same energy as they are woved about 
by differences of temperature.t The amount of elec- 
tricity which is sent in this way into the air is im- 
mense, and thus some support is given to the ideas 
developed by Planté and his follower Dary, and partly 
Palmieri, who maintained long since that atmospheric 
electricity wust be one of the great causes disturbing 
the equilibrium of the strata of air.t 

The importance of these facts in the economy of 
nature is self-evident. The supply of electricity in the 
air is continually renewed. The waterfalls in the val- 
levs, the splashing of the waves on the shores of the 
lakes and rivers, and the splash of drops of rain on the 
ground send masses of negative electricity in the air; 
|even the watering of our streets and of our plants in 
\the orchards has the same effect on a limited scale. 
| On the otber side, the waves of the sea, as they break 
|against the rocks and fall back in milliards of drop- 
\lets upon the beach, supply the air with masses of 
| positive v seangpree the amount of which rapidly in- 
creases after each storm. And when we stand on a 
sea beach, we not only inhale pure ozonified or iodized 
air; we are, so to say, surrounded by an electrified 
atmosphere which, as already remarked by Humboldt 
and oftev confirmed since.| must have a stimulating 
effect upon our nervous activity, as well as apon the 
cireulation of sap in plants. 

It might be presumed that the generation of elec- 
tricity which, we now see, takes place when drops of 
water strike the surface of the rocks, or of water itself, 
is due toa mere mechanical action; and Lenard (who 
expresses his views in the old language of the two 
electric fluids) represents such action in this way : each 
drop is coated with a double envelope of positive and 
negative electricity ; but when it falls upon an obstacle, 
its outer negative envelope is knocked off, and part of 
the negative electricity goes to the air, while the dro 
remains laden with a preponderating positive eheaena.T 

However, matters appear to be much wore compli- 
cated than that. Chemical action, as well as physical 
action, intervenes, as has recently been proved by 
Professor J. J. Thomson. Viewing the subject in con- 
nection with all his previous work, the Cambridge 
professor has had the happy idea of extending that 

part of Lenard’s experiments in which he endeavored 
to ascertain the effects of water containing different 
substances in solution being left to drop through differ- 
ent gases. It became at once apparent that the chem- 
ical constitution of both the drops and the surround- 
ing gas was of first importance for the phenomena in 
question.** When drops of pure water were left to fall 
through an atmosphere of water vapor—all air having 
been carefally eliminated from both the water and the 
surrounding vapor—there was no separation of elec- 
tricities and no electrification ; out the water vapor was 
electrified as soon as some air was admitted into 
the vessel. The same occurred when chlorine water 
dripped through chlorine ; it gave no electrical effects. 
Electrification was, on the contrary. quite manifest 
when —_ and airless water was dripped through 
some other gas, e. g., hydrogen, or when weak solutions 
of various substances were used instead of pure water. 
With solutions of organic substances, such as phenol, 
acetic acid, and so on, the electrifying effects were even 
more apparent. In short, a difference between the 
chemical composition of the liquid and thé gas through 
which it dripped was required to produce a disengage- 
ment of electricity. Moreover, when the temperature 
of the dripping water was raised within certain limits, 
the electrification was rendered still more intense—a 
variety of effects being obtained by varving 
both the substances dissolved and the surrounding 
gases, and the temperatures of both. 

The conclusion which Professor J. J. Thomson draws 
from these most suggestive experiments is of para- 
mount importance for both this special subject and 
the theory of electricity altogether. The electrification 
of a gus,in his view.is not a mere mechanical pro- 
cess. It is a chemical or a quasi-chemical process 
which goes on within the molecules of the gas. Part 
at least of the molecules of the electrified gas must be 
into atoms, or at least the atoms must be tem- 
porarily dissociated as they enter into a new combina- 
tion, in order to give up electricity. It is therefore the 
atoms of the gas, not its molecules, which carry elec- 
tricity : a molecule of a gas, Professor Thomson main- 
tains, cannot be electrified. 

To tae general reader this distinction between atom 
and molecule may seem irrelevant; but it touches upon 
one of the vital questions in the theory of electricity, 
while it aids us, at the same time, to understand 
various phenomena which formerly were beset with 
difficulties. To take an illustration from a more special 
subject, we may see how Professor Thomson's views 
help to explain the formation of larger drops in an 


electrified steam jet. We know that the electrification 
of a steam jet favors the formation of | drops with. 
in the steam : we see it from its sudden change of color 
under the electrical discharge. 

Bat Lord Kelvin showed, some time ayo, why it i-< so 
difficult for small drops to grow large without the aid 
either of electricity or dust in the air. The enormvons 
tension to which the water molecules are submitted on 
the surfaces of the very small droplets results in the 
immediate evaporation of the latter. As soon as they 
have origina they must die. They =: survive 
only if they find icles of dust round which they 
may grow—a London fog being an excellent illustra- 
tion of the aid given by smoke to the formation of 
— drops. else electricity must come to their 


It appears, however, from J. J. Thomson’s mathe- 
matical treatment of the subject, that, if electrification 
were distributed equally through the steam, it could 
have no such effect. 1t must be unequally distributed, 


and this Professor Thomson maintains is really the 
ease, becanse electricity originates from a number of 
dissociated and therefore electrically loaded atonis 


which are scattered through the space occupied by the 
steam. Unequal electrification diminishes the surface 
tensions in small droplets and permits them to grow 
into larger dro This is then the process by means 
of which electricity intervenes in the formation of the 
heavy yellow tinted clouds which we see when a 
thunderstorm is coming, and we obtain thus the cue to 
most familiar phenomena which hitherto it was most 
difficult to understand.* 

As to the general bearing of Professor Thomson's 
ideas, it is sufficient to say that they make part of a 
wzreat body of doctrine which endeavors now to bring 
science to consider electricity and chemical action as 
two moods of the same energy. Immense progress 
has been achieved during the last fifteen years in the 
elaboration of this theory, which Helmholtz had so 
brilliantly summed up in 1881 ina Faraday lecture 
delivered before the Chemical Soviety. But, in order 
that these views should become generally accepted, 
they must be brought into connection with the dy- 
namie views on electricity developed by Faraday. 
Maxwell and Hertz, and in his lecture Helmholtz spoke 
of his intention of so doing. Unhappily, he was lost 
to seienee before he had accomplished this great task, 
and none of his followers has yet undertaken it. Per- 
haps a greater accumulation of facts and a deeper 
knowledge of. electricity are required before science 
can be endowed with this further generalization. 


IV. GEOGRAPHICAL EXPLORATION, 


Nothing can be more welcome for the future devel- 
opment of physical geography and science generally 
thau the renewal of interest in antarctic exploration 
which is now witnessed all over Europe. The fiftieth 
and last volume of the Challenger Reports being now 
out, and the results of this epoch-making expedition 
which has so much enriched our knowledge of the 
oceans and of their physical and organic life being now 
published in full. the leading scientifie bodies of this 
country have already taken the initiative of a new 
expedition.+ The Royal and the Geographical Socie 
ties, as well as the British Association, insist upon the 
necessity of the vast domain of antarctic seas and con- 
tinents being explored by a well-equipped expedition 
consisting of two ships built on purpose for cruising 
amid the ice. Belgium is already sending out an ant- 
arctic expedition. And as to the Swedes, they not 
only have received with enthusiasm, and at once sub- 
scribed the funds for, 8. A. Andree’s scheme of exploring 
the north polar regions in a balloon ;{ they also direct 
their efforts southward, and a nephew of Nordensk- 
jold starts next autamn for antarctic exploration. Be- 
sides, the necessity of antarctic exploration has been 
fully discussed at the German Geographical Conyress 
in April last, and the International Geographical Con- 
gress, which meets by the end of this month at Lon- 
don, will resume the same discussion. And in the 
meantime a daring Norwegian seal hunter and a Swed- 
ish whaler have already made the first steps toward 
a reconnoitering of the antarctic continent, while a 
couple of years ago an attempt was made in this coun- 
try to utilize the cruises of four Scotch whalers for 
some scientific observations in the same regions. 

For the last fifty years the exploration of the seas 
surrounding the south pole has fallen into total ne- 
glect. All efforts have been directed toward the north, 
and since the times of James Ross and Hooker no sci- 
entific expedition has eruised in antarctic waters. 
True, that those who went northward and wintered 
in North Greenland, Spitzbergen, and Franz Joseph’s 
Land, or even on the northern coasts of Siberia, re- 
turned home with such admirable results that all the 
temptation was on this side. They brought in won- 
derful collections of northern flora and fauna and of 
fossils, upsetting all current ideas relative to the dis- 
tribution of climate and organisms. Their notebooks 
were filled with important observations in all branches 
of the physics of the globe; and they had to narrate 
the most fascinating or touching stones of endurance 
and tenacity of purpose, of successes and privations. 
When they described the fairy scenes of nature plunged 


* Profi J.J. Th ‘s theory also explains he 4 chemical changes 
a J in the neighborhood of a steam jet aid in the formation of 
ps. If we admit that the forces which hoki atoms together in & 


molecule are electrical in their in, we understand that when the atoms 
enter into new ehemical combinations there is an interval, during which 
they are comparatively free, and exercise an electrical action w the sur- 


* “ Electrification of Air M. Maclean and M. Goto, 
Philosophical Magazine. A : elvin’s “ Preliminary Ex 
riments * in British Association Reports, Oxford, 1894; “On the E.. - 
cation of Air,” by Lord Keivin and M. Maclean. in Philosophical ——— 
184, vol. xxxviii, 235 ; ings of the Society, May 31, 1804 
(Nature, |, 280); February 21, 1805 (Ibid., li, 495) ; March 21. 1806 (Thid., 

; “On Air,” a by Lord Kelvin 
to the Philosophical Society of Glasgow, March @7, 1805 (Nature, May 16, 
1895, vol. Iii, p. 67). 
| + Paper read at the Royal Society, 
| Royal Society and Nature, vol. 1, p. 283). 
| Palmieri, ed origine della atmosferica,”’ N: 
| 1982 Geo. Dary, L'electricite dans la nature,” Paris, 1882 The 
n of earthquakes, also advocated by Plante, can evidently be admit- 
a roundabout way only. through disturbances of pressure. 
1 “ Kosmos," Stuttgart, 1845, bd. i, p. 261. 
Wiedemann's Annalen, 1892, bd. p. 584 aq. 
** “On the Electricity of Drops," in Philosophical Magezine, 1804, series 
5, vol. xxxvil, p. 371 aq. 
Philosophical Magazine, October, 1898, vol. xxxvi, p. 313 8q, 
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rounding matter. E! ication originates in this case from chemical 
h and it acts in the above-described manner. 

+ The Challenger’s scientific staff have collected during their three 
years’ cruise (1872-76) such a mass of precious materials that it took nine- 
teen years of work in the laboratories and the map rooms to properly inter- 
pret them. Forty mes of this monumental publication are hen to 


ptes Rendus. Apmil 29, 1895, tome cxx, p. 843), and a com- 
mittee of the Academy has since favorably reported upon the scheme, \\ hile 

hich are necessary for the expedition were at once =ub- 
The scheme is based on the supposition that a ba!|von 
m would retain its buoying capacity for one month, : 
the captive Giffard balloon of the Psris Exhibition of 1878 1s quoted a= an 
example in point. This last affirmation originates, however, from a misun 
derstanding, because the heating of the Giffard balloon under the ras © 
the sun, and the ment loss of gas, were such as to render refi'\ing 
necessary almost every day (G. Tissandier, in Comptes Rendus, May (i. 1“%. 
Cxx, p. 997). However, it must be borne in mind that in polar lati 
there is no such difference of during day 
Europe, to say nothing of improvements upon r 
sure to be 
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Fs ¢ The idea of exploring the north polar regions in a large balloon, which 
f would start from Spitzbergen with three aeronauts on board, and taking 
me abventegp of a southern wind, wonld cross the north polar regions, was 
<TR proposed by S. A. Andree. in a communication to the Paris Academy of 
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in the arctic night, or awakening under the first rays | 3, 


of the 0g-missed sun, one understood how deeply im- 
i they had been by northern nature—what an im- 
perishable love for it they all had brought from the 
north. Each wintering in those regions not only im- 
ly enriched science, and widened oar conceptions 

of nature, but even the artist returned so mach in- 
1 by the melancholy bat by no means gloomy 
porthern landseape that we now see Julius Payer, dis- 
satisficd with his own beautiful paintings, starting 
again with an artistic expedition to the far north, in 
order to paint that nature on the spot with all its 
yivid colors and life.* Nothing of the sort is found in 
the rather dreary journal of the last antarctic explor- 
er, the younger Ross, who speut the three summers 
ofj181!-1843 in most wearisome working through the ice 
k, and in eruises at the foot of a formidable ice 
wall, without even daring to land for more than a few 
minutes on two minuscule islands of the part of the 
continent which he had discovered. An exaggerated 
idea of the difficulties ‘and usetessness (of antarctic 
exploration had thus been created in the public mind. 

This gloomy view is, however, already modified to 
some extent by the experience gained during the last 
two years. In November, 1893, the Norwegian seal 
hunter Captain Larsen, on board the smail steamer 
Jason, approached Graham Land, i. e., the extremity 
of the antarctic continent which is pointing toward 
South America, and is separated from it by a distance 
of only 400 miles. He sailed along its eastern coast, 
formerly quite unknown, and ascertained its position 
for {ull three degrees of latitude, up to the 68th de- 

e. He also found no difficulty whatever in landing 
twicet—he and his mate having only one regret—that 
they were on a seal hunting voy and not on a 
acicntifie expedition, and thus could not have a run 
inland over the glaciers which flow amid pot yet ex- 
tinct voleanoes. Even Victoria Land, which seemed 
so inaecessible to James was visited at Christ- 
mas and new year last by the Swedish whaling 
steamer Antarctic. Following the very track of Ross, 
the Swedes fought for thirty-eight days their way 
through the girdle of pack ice which defends the ac- 
cess to Victoria Land, before they reached the ice-free 
Ross’ Sea ; and if they went in that sea no further 
than the 74th degree, it was simply because no whales 
appearing, they steered back. On their back journey 
in the later part of the summer, they even found the 
ice girdle sufficiently loose to make their way through 
it in six days. Happily enough, they had a naturahst 
on board; that is, to tell things as they were, C. E. 
Borehgrevink, one of the enthusiastic naturalists 
whom Sweden owes to its arctic expeditions, wanted 
by all means to catch a glimpse of the antarctic re- 
gions, and as he could not be taken on board the whaler 
as a naturalist, for lack of accommodation, he went as 
a simple sailor, and of course, as may well be expected 
from Torell’s and Nordenskjold’s countrymen, ob- 
tained from the crew every possible assistance for 
scientific work. From him we know that no difficalty 
whatever was found in landing, first on Possession 
Island—the very island upon which Ross landed only 
to take a nominal possession of the discovered land— 
and next at Cape Adare, on the: mainland, which 
never before had been trodden upon by man’s foot. 

We may thus feel sure that the explorers of these 
new grounds will find no greater obstacles in their 
way than those which have been successfully over 
come by so many arctic travelers. And if the aim of 
the expeditions is not a race for beating the record in 
the approach to the pole, but scientific exploration, 
the experience of the Swedish expeditions, as well as 
of Parry and Johu Ross, is there to prove that the 
greatest scientific results can be, and usually are, 
omrene without having losses of human life to de 
plore. 

That a scientific exploration of the antarctic ions 
would immensely increase our knowledge in nearly all 
branches of physical geography, meteorology, biology. 
and so on, is almost self-evident.g The Challenger ex- 
pedition has shown how knowledge can be increased 
through the careful a of pretty well known 
regions, while in the far south every step would be 
made on a nearly quite unbroken ground. But there 
are certain problems of science, of exceptional impor- 
tance under the present state of knowledge, which can 
only be solved in the southern cireumpolar regions— 
nowhere else—and which deserve a special mention 
One of them—the necessity of a magnetic survey—has 
been fully treated by Dr. Neumayer,] and by the Ant- 
arctic Committee- of the Royal Society. As is well 
koown, an exact knowledge of the position which the 
magnetic needle assumes at every spot of the earth’s 
surface—that is, of the angle it makes with the meri- 
dian and the horizon—as well as of the force with 
which it is attracted in the direction of the magnetic 
poles, is of the first necessity both for the theory of 
earth magnetism and for the practical requirements of 
navigation. Special m etic maps, based on as large 
a possible a number of direct observations, are caleu- 
lsted and drawn for this purpose, and many physicists 
—Dr. Nenmayer, Captain Creak, Professor A. W. 
Rucker, H. Wilde, and many others—have lately 
taken great pains in reconstructing anew, for the 
whole of the earth’s surface, or for large portions of it, 
the magnetic maps which had been constructed by 
Gauss in 1839. However, all these investigations meet 
with one hitherto insuperable obstacle. We know 
well the elements of terrestrial magnetism for the 
northern hemisphere, as also for the southern 
hemisphere as far as the fortieth degree of lati- 
tude ; but beyond this line we have an immense gap— 


* Payer’s paper, “ An Artistic . to the North Pole” (Geo- 
graphical Journal, vol. v, a ), gives an excellent idea na 
» in the north, Mr. Burn Murdoch, an artist who cruised on board the 
= antarctic seas (From Edinburgh to the Antarctic, London, 1894). 

On the island which makes Cape Seymour, and on the mainiand at 
Cape Frammes ; also on Island Geographical ournal, Octo- 
ber, 1894, new series, vol. iii, Pp. 333 aq.) : : 

+ The Geographical Journal, June, 1895, new series, vol. iv, p. 588 eq. It 
days to make his way through ine same girdle of ica, 
WAich proves that last year's season was not exceptionally favorable. 
ui For a brief analysis of what may be done in these directions, see Mr. 

Urra, of 


y's 2, Renewal Antarctic Geo- 
January, 1804, vol. iii, p. 1; the of the Antarctic 
mittee 1893-94, of the G Soc and the “ 

Be Antarctic Committee of the Roval the of 
last | owe my very best thanks to the Council of the Society 


works of Dr, N 


{ The Geographical Journal, January, 1894, pp. 37 ven of ; 


500 miles each way from the south pole—which can 
be filled by no amount of mathematical speculation. 
More than fifty years ago Ross made a magnetic sur- 
vey of the antarctic seas; but bis data are no longer 
available, because it is now known that the variation 
in terrestrial magnetism, which takes place from year 
to year, proceeds very irregularly in wany localities ; * 
we know that changes have taken place in the mag- 
netic elements south of the 40th degree of latitude, but 
there is no means of ascertaining with any accuracy 
the extent of these changes.{+ It is evident that noth- 
ing short of a new magnetic survey of the anturct 
regions can remedy this evil, or give the necessary 


data for revising the current theory of revolution of | 


the magnetic poles, which badly needs revision. To 
u-e Dr. Neumayer’s words, without such a survey “it 


is an utterly hopeless case to strive with prospects of | 


success at the advancement of the theory of the earth’s 
magnetism.” 

The same is true as regards the modern investiga- 
tions into the exact shape of the earth. Formerly we 
could be satisfied with representing the earth as a ball 
slightly flattened at its poles, the flattening beiug sup- 
posed to follow the curve of an ellipse. But now geo- 
desists discover that the earthball has considerable ir- 
regularities of shape, both local and general, toward 
the poles ; and as the earth’s diameters are the basis 


of all measurements in astronomy, they spare no efforts | 


to measure accurately these irregularities. Precise 
methods were lately elaborated for utilizing pendalum 
swingings as a rapid and sufficiently exact means for 
measuring the local deviations in the earth’s surface 
from the ideal shape. But ali efforts stumble against 
the absence of data from the southern hemisphere. 
Seven pendulum measurements are all that we have 
bevond the fiftieth degree of southern latitude. and 
none was ever made within the antarctic circle. Three 
or four pendulunvobservations in Graham and Victoria 
Land would, therefore, be of a much greater value for 
geodesy than ten times as mahy observations else- 
where. Besides we know that the earth’s crust is not 
quite rigid, and there are good reasons to suppose that 
it yields to a certain extent under great accumulations 
of alluvial deposits. as well as of ice and snow.{ such 
sinkings being possible causes of submergence of large 
continental areas. But, again, the only means of as- 
certaining in how far these views are correct is to make 
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arctic continent ; and if such discovery is really made, 

it will settle at once a grave problem which naturalists 

— discuss for years without coming to any definite 
ation. 

We thus have three important protons, in geodesy, 
earth magnetism and geographical distribution of 
plants and animals, which cannot be solved other- 
wise than by an exploration of the lands situated 
within the antarctic circle; and several problems of 
less importance might be mentioned in addition. But 
we need not further dwell upon the scientific aspects 
ion (which are sure to be fully dis- 
‘cussed by the end of this month at the Geographical 
Conuress), the more so as there is one more remark to be 
|made. Those who have followed the development of 
| arctic exploration for the last thirty years, since it took 
athoroughly scientific character in the Swedish ex- 
peditions to Spitzbergen, must have been struck by 
the deep influence which these expeditions have exer- 
cised in Seandinavian lands upon the growth of science 
and the development of taste for science altogether in 
wide circles. 

Swedish and Norwegian science (which by no means 
receives in West Europe the attention it really de- 
serves) may be considered without exaggeration as a 
daughter of the Spitzberger expeditions and of Nor- 
denskjoid's journeys in search of the northeastern 
sage. The names of Swedish and Norwegian scien- 
| tific men which are well known at the present time to 
levery student of science are all names long since fami- 
lliar to the readers of arctic literature; they ap- 

peared for years past, either among the members of 
| thoxe expeditions or among persons who took part iu 
| the scientific discussion of their results. 
| Quitea phalanx of men of science hasgrown out of 
these expeditions. And at the same time a general in- 
| terest in and a remarkable taste for scientific research 
| have been widely spread in the two countries. The 
admirable pepe account of the Spitzbergen expedi- 
| tions and their scientific work, written by Chydeniu 
| was read far and wide in Sweden and Norway. 
| was--we know it—a most popular book among the 
whalers and seal hunters, and they have read it with 
profit, as may beseen from the services they have ren- 
dered in the discovery of the northeastern passage. 
| Before the year 1870. all Russian geographers 
| were persuaded that the Kara Sea, which lies between 


a series of pendulum observations in different parts of | Novaya Z. mlya and the Siberian coast, on the way to 
the antarctic continent. | the Siberian rivers, was — impracticable on ac- 

And, finally, there is the immense question as to the | count of the ice with which it is stocked. It was 
origin of the present floras and faunas and their rela-| kn: wn to us as ‘‘the ice cellar.” But that year a Nor- 
tions with the distribution of plants and avimals dur- | wegian whaler, Captain Johannesen, peeped into the 
ing the tertiary age, which now excites naturalists, and | Kara Sea, and finding the entrance free, he steered 
again can only be solved by an exploration of the ant- | straight forward and cruised in the ice cellar without 


arctic continents This latter question is so important | incun:brance. 


in itself that it cannot be treated here incidentally, | 
and may best be discussed separately on some future | 
occasion. Its substance. however, and its bearing upon | 
antarctic problems can be indicated in.a few words. 

It is well known that the present floras of different 

portions of the earth offer such peculiarities, both in| 
the plants which they possess in common and in those | 


Next year balf a dozen small Norwegian schooners 
rushed into the newly opened sea, and, as their ca 
tains were already aware of the importance of arct 
exploration, in consequence of the wide interest in 
that sort of research which was spread by the Spitz- 
bergen expeditions, Mohn, Nordenskjold and Peter- 
mann found no difficulty in instructing them in what 


which they differ in, that, after having paid a tribute | had to be done. In one summer the Kara Sea, which 
to different hypotheses, naturalikts came to look for|/had not been navigated for the last three hundred 
the origin of the present floras of Europe, America and | years, was explored in all directions; soundings and 
Asia in the rich vegetation which covered the arctic | surface temperature measurements were taken ; the 
and sub-arctic zone during the tertiary period. The wintering place of Barents, at the northern extremity 
thousands of specimens of tertiary vegetation which | of Novaya Zemlya, which had not been revisited since 
have been unearthed from the peat bogs of Greenland, | the sixteenth century, was reached; and one or two 
Spitzbergen, New Siberia, and so on, leave not the | seal hunters dashed eastward, saw an open sea, and 
slightest doubt about the north polar archipelagoes proved the possibility of easily reaching the Obi. The 
having been covered during the miocene period with | northeastern was rediscovered, and Norden- 
trees and herbaceous plants, which must be considered | skjold at once found support ir bis country for reach- 
as the ancestors of the plants now covering Europe. !ing twice the mouth of the Yenisei, and finally, for 
America and Asia. We find the flowers and the fruits of | cireumnavigating Asia. 
these trees, shrubs and herbaceous plants in the peat) Never. in any other country of the world, did sei- 
bogs of the far north, and we unearth the very insects | ence, spirit of adventure and commercial pursuits so 
which fertilized the flowers. From this flora, which admirably well go hand inhand. In no other coun- 
was repulsed to the warmer zones during the glacial | try Seal that have been possible. not even in Sean- 
period and afterward partially reconquered its former! dinavian lands, before the Spitzbergen expeditions 
abodes after glaciation was over, all our present floras took place. 
of the northern hemisphere originate. And now it is certainly not a simple coincidence 
So much may be taken as granted. But a series of | that the first steps toward the exploration of the ant- 
recent researches have brought naturalists to inquire | arctic seas and continent have also been made by 
whetber there was not, during the tertiary age, an ex-| Norwegian and Swedish whalers, In fact, one can- 
pansion of land in the antarctic zone as well; whether | not read Larsen’s journal, simple as it is, nor witness 
what is now a dreary desert of ice, amid which high | Borchgrevink’s enthusiasm, and Svend Foyn’s enter- 
voleanoes only give sign of life, did not also enjoy a| prise, in manning the Antarctic, without realizing that 


of 
izing | continent. 


warm climate, and was not the land wherefrom the 
present vegetation of the southern extremities of our 
continents bas originated. This very difficult question, 
which Darwin was inclined to answer in the affirma- 
tive, is now the subject of an animated controversy 
among nataralists; but it is evident that it will re- 
ceive no definite solution so long as we remain com- 
pletely in the dark as to what the antarctic continent 
was during the tertiary age. 

Some time ago the prospects of finding traces of tree 
vegetation in these frozen regions were extremely 
small. Hooker saw no traces of vegetation on the bar- 
ren rocks of Victoria Land, and we now learn from 
Borchgrevink that the discovery of one single lichen 
on Cape Adare already filled his heart with joy. How- 
ever, on the other extremity of the antarctic continent 
Graham d seems not always to have had the same 
barren aspects as it has now. No sooner had Captain 
Larsen set his foot on Seymour Island (at the northern 
extremity of Graham Land) than he was struck with 
the amount of petrified wood which was scattered 
about ; and it appears from the specimens of fossil con- 
iferous wood and shells he has brought home that 
both probably belong to the lower tertiary period.] 
This iscovery alone is safficient to raise the best hopes 
as to the possibility of — the cue to the floras of 
the southern hemisphere in the icy deserts of the ant- 


excellent presidential! address before the 
British Association in 1894, on the subject of magnetic variations. 
+ Report of the Royal Society's Committee, pp. 1, 2. 


~ See W. J. MacGee in American Journal of Science, 1802, third series, 

vol. xliv, 177 and Drygalski in Zeitschrift der Gesellschaft fur Erd- 

kunde zu Berlin, 887, Bd. xxii. 

§ It must be remembered that in arctic regions the want of a proper soil 

is a greater obstacle for the development of than the 
Wherever a protected nook, where some 


been formed, was fou is also 
protected an Victoria Land nO means 


a close resemblance to known to occur in the 


age found in Patagonia (Murray, |, p, 11, note) 


bear 
tertiary beds of Britain, as well as of shout 


a whole atmosphere of interest in arctic matters and 
| taste for them was created on the Scandinavian penin- 
| sula by the scientific exploration of the arctic regions 
—an interest which, so far as the last few years’ expe- 
| rience goes, seems not yet to exist among Scotch 
| whalers. 
| For science, antarctic exploration will ve invala- 
jable. As to society at large, it has all to win if the 
| spirit of enterprise is directed toward regions where 

there are no natives to conquer, but where there is 
| very much toendure for a disinterested purpose, and 
|so immensely much to be learned about the physicai 

life of the globe under all its aspects. 
P. KROPOTKIN. 


THE COST OF ACETYLENE. 


In a recent paper Prof. V. B. Lewes gives the fol- 
| lowing information about the cost of acetylene and its 
| possibilities: The future of acetylene is to be found 

in its combustion unmixed with other gases for the 
development of light, and there is no doubt that its 
future in this direction is a very great one. The ease 
of its formation from the carbide and simplicity of 
| the automatic apparatus necessary for its continuous 
formation will undoubtedly offer a very great scope 
| for country house illumination; and for this purpose 
there is no doubt that, even with the manufacture of 
, the carbide in its infancy, itcan be made at a price 
which will compare very favorably with the illamina- 
‘tion obtained from coal gas. For all pu of porta- 
| ble illumination, acetylene will be of the greatest 
| possible value, and the illamination of railway car- 
'riages and tramears offers a wide field for utilizing 
this magnificent light, while in more particular direc- 
tion it will prove itself of great value for lighthouses 
and buoys, for which its ease of compression into 
the liquid form renders it especialiy well adapted, as 
very large volumes can in this way be stored in very 
small space. 


No description of acetylene and its production from 
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cealcic carbide would be considered at all satisfactory 
if I did not say something as to the cost of its pro- 
duction, a subject which I must confess 1 should have 
much preferred to have left alone until figures which 
could be absolutely guaranteed were available. The 
data as to cost which have been from time to time 
supplied from America vary in the most extraordinary 
way and between extremes which are both equally 
ridiculous ; and the readers of gas literature will 
have noticed that even as late as last month in a 
paper read before the Franklin Institute, it was 
stated that there was a probability, or at any rate a 

ibility, of making carbide at about £1 a ton, but 
his appears to me an absolute impossibility, even 
with the cheapest of cheap water power to generate 
electricity, and we shall have to look nearer home for 
data as to the question of cost, if we are to form any 
idea on this point. 

I have information, which I believe to be reliable, 
to the effect that in Germany the carbide is being: 
made at 170 marks per ton, or practically £8 10s., and 
experiments made in England point to the possibil- 
ity of waking it in bulk at about £9 10s. a ton. The 
figures are strengthened by the consideration that 
the Swiss Aluminum Company are selling it, packed 
in hermetically sealed tins, at 6d. per kilogramme, 
which means £25a ton, and it is manifest that this 
could not be done if the cost of production was not 
above one-third of the selling price. Looking at) 
these facts, | think it will be safe to say that the 
cost of producing it will be between £8 and £12 per ton, 
and the selling price will be between £10 and £14; 
and if this be so, it will, light for light, be a cheaper 
illuminant than coal gas. 

A ton of carbide generates 11,000 cubic feet of acety- 
lene, and as this is done locally where the acetylene 
has to be consumed, the charge for distribution be- 
comes excessively small. The gas develops 15 times 
more light than 16-candle coal gas; and if, therefore, 
it costs 15 times as much at the burner, it would be 
equal in illuminating value to coal gas; and if the 
carbide cost £19 to £20 per ton delivered, it would only 
bring the cost, per cubic foot, to the same as 16-candle 
coal gas at 2s. 6d. per thousand cubic feet, and it is 
for this reason that I think acetylene has a brilliant 
future before it. 

One of the first things that strikes one on looking at 
the acetylene flame is the intensity of the light 
emitted, and after having looked at the flame for a 
few minutes, one feels that sach local intensity cannot 
be good for the optic nerves. I think every one will 


use of “nearly one hundred million square feet with- 
out a complaint.” It claims that rolls simply squeeze 
off the metal coating and the palm oil, both of which 
constitute the life and value of a roofing plate. In 
— to an inquiry on this point the firm replies as 
lollows : 

‘Our ‘old style’ brand terne is made in open poe, 
and by the pure palm oil process only, and without 
the aid of machinery of any kind. It is made entirely 
by band in the most thorough manner and in the 
most expensive and costly way that we know of, 
everything being done to make it the finest plate that 


operation than a scattered number of smaller engines, 
At the same time, the saving of power otherwise lost 
in gearing and belting is considerable, the machines 
can be better regulated, the power can be better cig. 
tributed, and it can be better known what power jg 
required for each machine. The electric power ig 
thought to be specially adapted for driving the shea 
~~ og and polishers, conveyors, cranes, and machine 
tools. 

There seems to be little definite knowlcdge as to ‘he 
power required in the blaek plate wills, there being a 


great diversity in type and power of engines used ip 


can be made at any cost. Our other guaranteed 
brands are also made in the very best manner, and 
as the bulk of our make is in these five grades of 
roofing tin, we have no interest in any process that 
would tend to cheapen their cost. In Morewood’s 
sets, and in such patent stacks as we use, we of course 
employ machinery, and although we do not care to 
undertake in our works plates of cheap character, we 
are glad to embrace any new methods that would 
improve the make without deteriorating thaggelity. 
It is reasonable to suppose, arguing upon thé" lines 
of this country’s wonderful development in the iron 
and steel industry, that we shall improve the manu- 
facture of tin plate over the primitive methods that 
still seem to exist in Wales, where the lack of any 
competition with the outside world ap to within a 
short time has not necessitated on their part much 
thought of improved methods, We now have twenty- 
two tinning stacks in use.” 

American manufacturers are naturally inclined to 
be reticent as to their ialties in machinery and 
methods, especially in matters of detail, owing to the 
close competition which is imminent, as already 
shown. In fact, one of the large manufacturers writes 


agree with me that, given illauminants of such high 
intensity as acetylene and the modern forms of inean- 
descent gas burners, it is necessary to find methods | 
for neutralizing the irritating effect of these high | 
wer lights on our visual organs, and, personally, I 
hink the introduction of the holophane globes, which 
give a perfect distribution and diffusion of light, and 
at the same time increase it very considerably for all 
angles below the horizontal mark, is a very impor- 
tant advance in domestic lighting. 


(From tHe Exon, Lonpon.) 
PLATE INDUSTRY IN THE 
UNITED STATES.* 


THE Spesionmeet of the tin plate industry has nat- 
urally resulted in good business for the manufacturers of 
the machinery required, and one of the largest of these 
firms has been running its plant day and night since 
February, 1894. The good business and steady de- 


THE TIN 
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that the tin | neang industry is of so recent develop- 
ment that he does not feel justified in giving details 
for cquparten methods here with those used abroad, 
especially as the former are changing very rapidly. 
Another says that he considers great harm has al y 
been done to the industry by too much controversy in 
publication, and also thinks that the little detail im- 
provements that are made after great study, and 
at considerable cost, should be the private property 
of those who make them, and should be protected. 
In all the new works, and in the improvement of 
older works, special attention is paid to the trans- 
portation of raw material from process to Fg 
and the handling of the finished product. For this 
purpose elevators, conveyors, overhead tramways, 
narrow gage railways, transfers, electric and other 
traveling cranes, etc., are extensively applied. At the 
Norton Works, a small storage battery electric loco- 
motive is used for working about the tin plate works 
and the can factory, replacing manual labor for mov- 
ing the cars. It is 5 ft. long, 2 ft. 6in. wide, and 3 ft. 
8 in, high, carried on four 20 in. wheels, and weighing 
about 5,000 lb. The battery consists of twenty-four 
chloride cells, which stand the rough service, with its 
bumping and jarring, without sustaining any injury. 
The battery is charged from a generator supplying 
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mand have led many machinery firins to take up this 
special branch, which they have found a profitable 
venture. This activity has in its turn led to great im- 
rovements in the machinery, both in regard to new 
_— of machines and to matters of detail. As a re- 
sult, some of the older machines are already being re- 
placed with others which give a greater economy in 
operation, being designed with a view to the necessities 
of economy in manufacture to meet the existing con- 
ditions of competition. One company has replaced its 
old fashioned tin and terne plate machines. with the 
Newbold Phillips adjustable machines, by means of 
which a much finer finish is said to be given to the 
plates, while the output is doubled. The old style 
——s vats were also replaced by a Newbold pick- 
ing machine, with crates run overhead to each set. 
Another conipany has put in the latest improvements 
in pickling, branning, or cleaning and polishing ma- 
chines, and as much labor-saving machinery as pos- 
sible in the way of cranes, overhead tracks, etc., to 
handle the annealing boxes and to carry the black 
plate from one department to another. 

On the other hand, it is matter for very interestin 
consideration that while more and more machiner f 
in general being introduced to supplant manual labor, 
one of the ‘arge manufacturing firms advertises as its 
specialty that no rolls are used in the process of coat- 
ing its roofing tin, the work being done entirely by 
hand, “exactly the same as fifty years ago,” and that 
the great durability of this tin plate is proved by the 


power to motors which run some of the mill machinery, 
and a wire is laid from the generator to certain points 
| along the track, so that the battery can be charged 
| whenever the engine is standing. The motor develops 
|4 horse power at 50 volts, but can develop 6 horse 
| power at 80 volts, and the engine can haul five cars 
| weighing about 8,000 Ib. 

| There are indications of a gradual increase in the 
| use of electric power for driving the machinery of tin 
| plate works, with the exception of the roll trains, as 
the large central steam plant is more economical in 


wills of practically the same capacity. and a great differ- 
ence in power consumed, owing tw losses in gearing and 
transmission. At the Morton Works a Hamilton-Corliss 
engine, with cylinder 32 in. by 60 in., drives three hot 
mills, 24 in. by 32 in., all in one train; and a similar 
engine, with cylinder 24 in. by 48 in., drives a cold roll 
train with three mills, 20 in. by 32 in. Steam is sup- 
wy by four return tubular boilers, 16 ft. long and 5 

. 6 in. diameter, with a return tubes 4 in, 
diameter. During two weeks’ operation, with the at- 
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FICS 
(HOT MILL HOUSINGS 


mospheric temperature ranging from —12° Fah. to + 
10° Fah., the maximum power developed was 486 horse 
power, and 212 tons of plates were turned out. The 
following are a few random instances of mill power 
equipment : (a) Six hot mills driven by an automatic 
cut-off engine with a cylinder 42 in. by 60 in.; (b) six 
hot mills driven by a balanced slide valve engine with 
a cylinder 36 in. by 60 in.; (c) six cold mills driven by a 
tandem compound engine with cylinders 28 in, by 60 
in. and 50 in. by 60 in.; (d) four cold wills driven by an 
engine with a cylinder 28 in. by 48 inv., which is in- 
tended to drive also three additional mills; (e) four hot 
miles driven by a balanced slide valve engine ith eyl- 
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inder 2° in, by 48 in., which bas run successfully on a/ throws with the blade have the feet machined to ajin heated dilute sulphuric acid, and then wash- 
40 Ib. per square inch; (f)| true cirele, and bear upon brass pressure blocks fitted;ing off all trace the acid by immersion 


steam pressure as low as 
three hot mills driven by a Hawilton Corliss engine 
with cylinder 8 in. by 60in. This engine is connected 
direct. and in regular ranning has never indicated 
more ‘han 162 horse power per mill; (g) two hot mills 
driven by a Corliss engine with cylinder % in. by 72in., 
at 35 revolations per minute, 90 lb. steam pressure, and 
eut off, this would develop 575 horse power; (h) two 
Me inills driven by a Corliss engine with eyli ier 28 
in. by {8 in. and two hot mills driven by an automatic 
eut-off slide valve engine with cylinders 36 in. by 42 
=, now propose to consider the machinery and the 
esses of manufacture somewhat in detail. In the 
rst place, the steel billet is heated to a welding heat, 
and then passed through the rolls of a bar mill by which 
it is rolled intoa bar several feet long, about 7 in. 
wide, and from 44 in. to % in. thiek, according to the 
size of the plates required at a given weight — 
foot. This bar is then cut into lengths of 21\4¢ in., 
making a 20 in. plate with an allowance of 1% in. for 
trimming. For I C plate each piece of bar will 
weigh about 191lb. The piece of bar is then ready for 
the hot mills, in which—after having been heated— 
it is rolled out to a length of about 56in. Two pieces 
are then matched together, doubled while hot, 
trimmed in the doubling shears, and put back in 
the heating furnace. When at the proper heat the 
pack is again rolled to a length of about 56 in., and 
again doubled, making eight sheets or layers in the 
k, and the kis again heated, and rolled to 58 
n., the finished pack then measuring about,20 in. by 58 
in. The rough edges are then trimmed off in the shears, 
and the pack is cut into two pieces 20 in. by 28 in., or 
four pieces 14 in. by 20 in., the former being the most 
usual. The eight layers in each pack are then separ- 
ated by men, and if the packs open well there are 32 
sheets, 14 in. by 20 in., obtained from the two pieces of 
bar. These 82 sheets weigh about 381 Ib., the 38 Ib. 
of the two pieces of bar having been reduced 7 lb. by 
trimmiug. It is caleulated that 112 sheets weigh 108 
Ib., and for other sizes and thicknesses the bars must 
_— to proper thickness and sheared to proper 
ngth, 

What is known as the Welsh sheet and pair heating 
furnace for tin plate mills, as built by the Vulcan 
Works, is shown in Fig. 3. The working hearths have 
been increased with furnaces of this design, the 
grate surface being proportionately increased ; and as 
there are no plates to stay the side walls, these walls 
are built heavy and strong, to prevent giving way by 
expansion. The stack or chimney with down draught 
air chamber can be changed to an overhead stack, 
using a sliding damper; ora separate stack for each 
furnace can be u Coke instead of coal is being 
used in some heating furnaces. 

The common practice is to have a single stand of hot 
rolls toa mill, consisting of a pair of chilled rolls 24 in. 
diameter and 32 in. long, with 19 in. necks, and hav- 
ing heavy housings weighing about 22,000 lb. each. 
By this arrangement the output is increased, the 
breakages are less than where two stands of rolls— 
roughing and finishing—are used and the quality of 
the plate is said to be somewhat better. x neral 
view of a modern hot mill plant is shown in Fig. 4, 
and the heavy construction of the housings is shown 
in Fig. 5. In order to keep the rolls smooth in surface, 
they are sometimes polished between each heat b 
means of an oak block faced with emery, which ish 
to the rolis while they are hot, as soon as the heat is 
finished. 

The shears are usually driven by small engines 
mounted on the machines, so that the shears are oper- 
ated entirely independent of the rolls and rolling mill 
engines, but the machines are sometimes driven b 
these engines. In some cases belting is used. The Wa 
and Roos combined shearing and doubling machine— 
shown in Fig. 6—has a shear blade moving vertically, 
and thus eutting neater and closer than an “ alliga- 
tor” shear, for as the blade of the latter works in the 
same way as that of a pair of scissors, the sheets 
cannot be held tightly together, and will slip as the 
blade cuts. 

The combined machine effects a considerable saving 
in the time of the operator, who has otherwise to 
keep moving from the doubling machine to the shears. 
The shear and doubler may be operated together or 
separately, and the former may be used for cutting 

ks or trimming tin plate, the knives cutting 36 in. 
n width. The doubler is driven by a crank from the 
same shaft that operates the shears, and the le 
joints give a powerful but quiet ranning motion. The 
doubler can work very heavy metal, and has an open- 
ing 28 in. wide, while the head lifts about 8 in., bein 
adjusted by couplings having right and left hand 
threads, so that it is kept exactly parallel, and the 
operator can double the sheets closely or loosely as 
desired. This machine is shown fitted with an engine 
having a cylinder 7 in. by 10 in., but it can also be 
fitted to be run by a belt. It is compact, self-con- 
tained, and weighs about 5,400 lb. complete. — 

The Leechburg doubler—shown in Fig. 7—is of the 
alligator pattern, and has its engine mounted on 
the bedplate. The doubling table is rigidly bol 
to the main bed of the shear, and the top of the tabl 
on which the es are bolted is also finished, so that 
one stroke of the doubling arm will double the sheet, 
instead of two or three strokes being required, as in 
some of the older styles of machines. 

The squaring shears—known also as trimming and 
finishing shears—are usually of the vertical blade or 
8—which is the Leech- 

x machine. e alligator t of squari 
shears had the jaws in continual operation while the 
mill was running, the machine—as well as the old 
doubling machine—being driven by connections from 
the inili engine. 

Ic thus required a skilled shearman, and even then 
many plates were wasted through not being sh 
accurately, The machine illustrated operates only 
nen the foot lever is depressed, so that the shearman 
0 time to properly place the sheets; and it is claimed 

nat an inexperienced man can—after a little prac- 
ae plate as well as and more rapidly than a 
skilled man at one of the old machines. In the Lewis 
shear—which is somewhat similar to the one show 
= has the shaft driven direct from a heavy bel 

y wheel—the two rods connecting the shaft 


to the blade. 

The horizontal pins which connect the lugs in the 
top of the knife block with the feet of the rods work 
in slotted holes in the lugs, and vertical set screws 
bear upon them, so that any lost motion can be read- 
ily taken up, and wear at these points need not, there- 
fore, affect the working of the machine. The upper 
knife block is counter-weighted, so that it must 
always ~. at the top of its stroke. It sometimes 
happens, through careless management, that the 


in clean water. It is estimated that by care- 
ful work the consumption of acid should not exceed 
5 lb. per 100 lb. of plate—this being for the present 
black pickling and the subsequent white pickling— 
although in many cases it is said to amount to 8 Ib, 
or 12 Ib. of acid. This process is usually done by 
patented machines, the plates being placed in a crate, 
which is revolved or moved vertically by steam or hy- 
draulic power in -a tank, so as to thoroughly swill the 
surfaces of the plates. The crate is then transferred 
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knives strike one upon the other, with the result that 
the frames or housings break at the neck, rendering the 


-machine useless. 


Inthe Lewis machine this is provided against by 
making the caps of the housings separate, and fasten- 
ing them by large bolts, each of which has a groove 
cut just below the head, so that in case of the verti- 
cal bursting strain due to the knives striking each 
other, the bolts will snap and release the caps, involv- 
ing only the destruction of the bolts. The knives 
are ground with fouf cutting edges, and the machine 
is designed for hard work, fast running, and aecu- 
rate cutting. The band fly wheel is 48 in. diameter, 
6in. wide, and weighs 900 Ib,, having a steel clutch 
riveted to it. The machine weighs about 5,250 lb. The 
Vulean squaring shear is also driven by a belt fly 
wheel, and has an automatic clutch which stops the 
knife at the top of its stroke. 

The black sheets rolled and cut as: above described 
are now subjected to the black pickling _to remove 
the seale formed during heating and rolling. 
This process consists in immersing the plates 


to a tank of clean water, and moved in the same way, 
so that the water rushing over the plates will thor- 
oughly wash them of the acid. The Mesta or Leech- 
burg pickling machine, shown in Fig. 9, is of the ro- 
tary type, operated by steam, complete on its own 
foundations, and within a circle of 19 ft. diameter. 
The arms from which the crates are suspended are 6 
ft. long. An automatic valve controls the flow of 
steam to the cylinder, and the machine is said to be 
very economical in the use of steam. The capacity is 
about 45 tons of black plate in ten hours. The 
machine was patented and first introduced in 1892, 
and the makers report that sixteen are now in use, 
Various attempts have been made to effect the pick- 
ling by eleetriclty, but the almost insuperable diffi- 
culties have been their variation of resistance in the 
solution to thecurrent, and the irregular action of the 
current on the surfaces to be pickled. The Interna- 
tional Metal Pickling Company is said to have suc- 
cessfully applied a system invented by Mr. Alexander 
8. Ramage. The articles to be pickled—i. e., the plates 
in tin plate work—are made the anode or positive 
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a during the electrolysis of a solution of a salt of | 
ron, 


The plates are connected to the positive pole 
of a small dynamo, and a circular sheet of iron in the 


solution is connected with the negative pole. The cur- | 
rent passing through the solution liberates the acid of | 
| furnace, shown in Fig. 10, bas a capacity of 2,000 boxes 


the salt on the anode—or plates to be pickled —and 
the iron of the negative plate. The acid on the anode 
combines with the surface scale of iron, forming the 
origina! salt again, whieh is dissolved in the solution, 
while the iron removed from the anode is deposited on 


the negative plate. A current of 44¢ to 5 volts between | 


the anode and cathode is required for black pickling, 
and 14¢ to 2 volts for white pickling. The former re- 
— the greater current, as the scale is a poor con- 
uctor and offers greater resistance, the current pass- 
ing through with léss voltage as the scale dissolves. 
Awong the advantages claimed are the saving in acid, 
the freedom from the unhealthy steam and acid 
fumes, and the prevention of pollution of streams by 
waste liquor. he process has been tried with rods for 
wire drawing and with plates for tinning, 1,000 lb, of 
lates being pickled at one time. The company in- 
‘orms me that the process has been thoroughly tested 


in the tin plate works, and is now being installed in a 
plate mill now handling 30 tons of plates per day—15 


o= 


‘ta a \ 
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there for ten or twelve hours at a dull red heat. When 
the boxes are removed they are allowed to cool 
thoroughly before the plates are unpacked. Some of 
the Blairsville cast iron boxes have a life of nine 
months’ continuous service. The Vulean annealing 


of plates, 20 in. by 28 in., per week. The boxes are 


|}run in and out on wrought iron tracks with roller 
| bearings. The furnace may be used with coal, natural 


gas, or artificial gas fuel, and may be built with an 
overhead stack or chimney instead of the arrange- 
ment shown. A furnace of this capacity could be built 
by two bricklayers and two helpers in about twelve 
days, and would require about 15,000 fire bricks, 1,500 
circular fire bricks, 5,000 common red bricks, and two 
tons of fire clay, 20,000 }b. of castings, end 1,800 lb. of 
wrought iron tie rods. 
(To be continued.) 


THE USE OF HOT AIR IN DRYING.* 
By E. M. Cook, New York. 


For drying many materials, but especially those in 
lumps, grains or powder, the use of hot air or gas is 
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tons for black pickling and 15 tons for white pickling. 
The company guarantees to save 75 per cent. of the 
acid used by the old process, at a small cost for power, 
and to save all the iron dissolved from the plates. The 
time occupied is about the same as in the acid pro- 
cess. For rod work an 8 horse power dynamo supplied 
eurrent for pickling one ton of rods per hour consecu- 
tively. On the other hand, a writer in Tin and Terne 
says that as one of the most important points in pick- 
ling is the rapidity with which the plates can be 
handled, it does not appear probable that a process 
unaccompanied by violent agitation would be applica- 
ble for either black pickling or white pickling of black 
sheets for tin plate work. 

The pickled plates are now ready for the first anneal- 
ing, for which they are packed in cast iron or wrought 
iron boxes with deep covers of the same material. The 
bottom of the box has a wide, shallow pan, and the 
space between this flange and the bottom edge of the 
cover is filled with sand to exclude the air. he boxes 
are then run into the annealing furnace and kept 


most convenient and has many advantages over other 
methods of using heat. Wherever the nature of the 
material will allow of the direct use of the gases of 
combustion, the economy over the use of steam is very 
great, and, probably, in a well designed and construc- 
ted apparatus, the amount of evaporation will be 
nearly, if not quite, double that of the best steam 
heated driers. 

In the use of steam there are several important 
losses, quite unavoidable, which, in the use of gas, can 
be either entirely obviated or strictly limited. 

Among these are : 

First, the usual imperfect combustion of fuel under 
boilers, and a consequent waste of fuel. In this coun- 
try—the United States—a large number of analyses of 
flue gases show scarcely an instance in which there is 
a total absence of CO, except it be accompanied by so 
much free oxygen as to indieate the admission of more 
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than double the theoretical amount of air req iisite 
for complete combustion. 

Second, the loss of heat in the escaping chiiuney 

This, even under fairly manage. ent, 
will equal 25 per cent. of the entire heat gener: ted- 
and with careless firing, particularily where bu ilers 
have to be pushed, as is too frequently the case, thig 
will be exceeded. 

Third, loss of heat in the transmission of the steam 
to the drier, and in the apparatus itself, by radiation, 
To this is sometimes added loss by leakage into the 
drier itself, which is difficult to detect and to remedy, 
The loss in this case is most serious. 

Fourth, loss of beat in the condensed steam, dis- 
charged at 212° F. With steam of ordinary pressure, 
this will equal about 14 per cent. of the entire heat; 
while with exhaust steam or steam of low pressure the 
percentage is greater. 

Even where, with the use of exhaust steam. there 
would seem to be a promise of great economy, the ex- 
pectation is not realized. In the transmission of heat 
from radiating or conducting surfaces, such as those 
of steam coils, into air, a considerable difference of 
temperature must be maintained, or the transmission 
becomes so slow that the coils required to condense 
the steam must be of enormous extent where the oper- 
ation is large. 

This involves in ctice so low a temperature in 
the drier, where exhaust steam is used, that drying 
goes on with diminished energy, and a large amount 
of apparatus becomes necessary ; this, in turn, de- 
mands considerable power to keep it in motion, large 
buildings to accommodate it, and, what is frequently 
of even more importance, a large area of valuable 
ground on which to place them. Taking into ac- 
count all these items, together with the cost of 
maintaining the apparatus in repair and the back 
pressure on the engines, the use of exhaust steam is 
seldom advantageous. The cases where it may be 
allowed are those where the nature of the material 
limits the temperatures to such as may be economi- 
eally got with exhaust steam, and that class known in 
the United States of America as “can” driers, where 
paper or other fabrics are drawn over revolving, 
steam-heated surfaces. 

The higher the temperature at which air used in 
drying is discharged, the greater the economy. In 
the use of air in drying its function is twofold. It 
serves to carry to the material under treatment the 
heat by which evaporation is performed; and it is 
also the vehicle for carrying away the vapor. 

These two functions, although distinct, require to 
be considered with reference to each other. It is 
well known that the capacity of air or gas for carry- 
ing vapor increases rapidly with an increase of tem- 
perature, while the capacity for carrying heat does not 
so increase ; the — c heat of air, it should be re- 
membered, being but 0°238. 

At 72° F., the capacity of air for carrying ueous 
vapor is about three times as great as at 42°; while at 
| 182° it is more than 20 times, and at 172° more than 80 

timesas great. It follows that the amount of air neces- 
sary at such limited temperatures as can be applied to 
most substances, to carry to them the heat requisite 
for the evaporation of the moisture they contain, is 
| more than sufficient to carry off the vapor when dis- 
_charged at suitable tem peratures. 

The most important loss of heat in this method of 
drying—and, in fact, practically the only one, except 
loss due to radiation and leakage, which in a correctly 
designed and constructed appuratus is limited—is that 
of the heat contained in the air discharged with the 

' vapor, which has performed no useful function. To 
some extent, this is one of those necessary wastes 
which we are obliged to accept, as it is seldom - 

|ble in a practical operation to realize the ultimate 
value of the energies employed. 

It is analogous to the loss in case of steam used in 
an engine, where we usually sacrifice the heat required 

to raise the water from its normal temperature to that 
‘at which the steam after use is discharged into the air. 
| Itis, however, relatively greater, as we have not, in 
air, the latent heat of vaporization, of which, in the 
use of steam, we are able to avail ourselves. It is 
therefore worth while to inquire in what way we way 
limit this loss ; the only one in which we may look for 
considerable saving. 
|; At 


high temperatures and t relative humidity or 
| percentage of, saturation, the air carries its greatest 
| burden of vapor, and it will be found that under these 
| conditions the air of the discharged wixture carries 
| the least heat, hence the economy which results. 

Thas the relative amount of heat carried in the air 
| of discharge, if fully saturated, at 122° and 172°, would 
be as 699 to 238*; these figures being a ratio based 
upon an assumed normal temperature of 62°, but mak- 
ing no allowance for the moisture normally present. 

If a fair allowance be made for normal moisture. 
which at lower temperatures is important, we shall 
get a balance in favor of a higher temperature of dis- 
charge. Evaporation is, however, greatly retarded as 
the point of complete saturation is approached ; and, 
if we can maintain a high temperature of discharge, 
it is not usually desirable to attempt a higher satura- 
tion than 0°50 or 0°60, in all but exceptional cases. 

The expenditure of heat in evaporation is so great, 
relatively to the amount of air required at a high tem- 
perature to carry the vapor, that to maintain a dis- 
charge of high temperature and small volume, we find 
that with a saturation even of 50 per cent., we must 
employ initial temperatures which are inconveniently 
high. Thus, as will appear from figures 
ently to be given, at a discharge temperature o 
0°50 saturated, and assuming the normal moisture at 
0 0075 (dew point about 50°) to carry off 1 Ib. of vapor, 
we shall require 28°23 Ib. of air; hence, to carry to the 
material operated on the requisite amount of heat, we 
must start at 288° F. But ata discharge temperature 
of 172°, with the same degree of saturation and nor- 
mal moisture, we shali require only 4°46 }b., but to en- 
able this smaller quantity to do the uired work, we 
must heat it to 1.398". The first would be near the 
limit of safety for most materials, while it is obvious 
ewe only the most refractory would withstand the 

ter. 


* These are obtained multiplying the respective difference® 
between the tem 62, by the 
namber of air in each case required to 1 1b, of water vapors 
thas (172 — x 216 = 298, and (182 62) x 11°08. 699. 
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If we attempt a discharge at a higher degree of sat- 
uration, the necessary initial temperature rises rapidly. 
as tie required amount of air is thereby diminished ; 
and it must not be overlooked that even to these 
temperatures must be added the heat uisite to 
mak. good that lost by radiation, and that imparted 
to the waterial itself. 

Let us consider a lower range of temperatures, say a 
subs:.nce which will not bear a higher temperature 
than 150°. In this case, as the loss of heat in the air of 
disc |:arge increases rapidly as we descend in tempera- 
ture, we will allow a saturation of 0°60; to maintain 
this with such an initial temperature as circumstances 
will admit, we find that we must discharge at about 
92°, and at this low temperature of discharge the heat 
earricd by the air, and not utilized, is over 52 per cent. 
of that utilized in evaporation. 

The following calculations illustrate how the ini- 
tial temperatures above given are arrived at: 

Saturated mixtures of air and vapor will contain 
in exch Ib. of air, at 172°, 0°46388 Ib. of vapor; at 
122°, 0 08584 Ib. vapor; at 92°, 003289 lb. vapor. 

Assume the normal temperature of air and mate- 
rial to be 62°, and vapor present in the atmosphere 
at 0°0075. 

To evaporate 1 lb. of water from 62° we uire 
1116 B. T. U. (1178 — 62), which is the equivalent of 


1116 
46872 lb. of air raised 1° in temperature, thus poms = 


4687 °2. 
With a discharge temperature of 172°, 0°50 saturated, 
we must have, to earry 1 Ib. of vapor, 4°46 lb. of air, 


1 


(046338 x 0°50) — 0°0075 
required heat our 4°46 Ib. of air must part with 1051°, 


4687 °2 

ens = 1051; and adding to this the discharge tem- 

perature, 172°, we get 1223° as the initial temperature 


= 4°46. To carry the 


thus 


uired. 
t 122° discharge, 0°50 saturated, we get, for carry- 
1 


(0°08584 x 0°50) — 0°0075 


ing 1 1b. of vapor, 28°23 Ib. air, 


4687" 
= 28°23; difference of temperature 166’, —— = 166; 


and adding to this the discharge temperature, 122°, 
we get 288° as the initial temperature required. 
At 92°, 0°60 saturated, we get, required air, 81°73 lb., 


1 
(0°08289 x 0°60) — 0°0075 


= 81°73; difference of tem- 


4687°2 
perature 57°, a = 57, and adding, as before, 57 + 


92, we get 149° as the initial tmpenebere required. 

The heat expended in evaporation is in each case 
the same, 1116 B. T. U. But the heat lost in the 
air of discharge varies greatly, being at discharge 
172°, 1168 &. T. U.; at 122°, 388-1 B. T. U.; and at 92°, 
583°6 B. T. U.: 172 — (62 x 4°46 x 0°238) = 1168; 122 
— (62 X 28°63 x 0°238) = 3381; 92 — (62x 8173 x 
0°238) = 583°6. 

These figures, which show the number of units of 
heat lost for every pound of water evaporated under 
the stated conditions, indicate the enormous waste 
of heat in large drying operations, as, for instance, 
in drying brewers’ grains. To dry the grains from a 
mashing of, say, 2,000 bushels would involve the 
evaporation of upward of 80,000 Ib. of water, and 
they cannot be safely subjected to a temperature 
much above 280°. Other materials will not bear even 
this temperature with safety. 

How shall we maintain a reasonably high tempera- 
ture of discharge. the necessary condition of economy, 
without raising the temperature of the intake to a 
destructive degree? This has been accomplished by 
the system of recirculating currents. This system was 
first referred to by B. F. Sturtevant, but its fall sig- 
nificance does not seem to have been fully appreci- 
ated until recently. 

It has, however, been employed with most satisfac- 
tory economical results in many establishments in 
the United States, principally in connection with the 
woolen and other textile industries. In this system, 
a volume of hot air, several times greater than that 
necessary for carrying off the evaporated water, is 
circulated through the drier, and is brought alter- 
nately in contact with the goods under treatment and 
with heated surfaces, giving up heat to the former 
and receiving it from the latter, which it should leave 
at the maximum temperature the goods will bear. 

This continuous circulation is effected by a fan 
blower placed at any convenient point in the circuit, 
and a portion of the mixture of air and vapor at its 
maximum of saturation sufficient to carry off the 
vapor as fast as it is generated is continuously dis- 
charged, and is replaced by an equivalent of normal 
air admitted to the source of hea The amount of 
air discharged is regulated by suitable valves, and 
the condition as to saturation is thereby controlled, 
it being found desirable to maintain a somewhat 
high drying efficiency, even of the discharged por- 
tion. It will be seen that in this system the same 
air serves repeatedly as the vehicle of heat, and the 
heating of a large volume of new air for this pur- 
pose, carrying away ip its escape a large quantity 
of unatilized heat, is avoided. The exit temperature 
being decided upon, the temperature of the drying 
current at its initial — i. e., where it first encoun- 
ters the goods, will determined by the relation of 
the volume of the discharged and recirculated cur- 
rents, and may be adapted precisely to the particular 
Treguirements of the unéer treatment. 

In the form thus briefly described this system has 

en very successfully applied. There are, however, 
poder some circumstances, important difficulties which 

rosive gases, whic riven th a heater, 
Tapidly destroy the heating surfaces ; others throw off 


dust, which coats the surfaces, and, in addition to 
iwpairing their efficiency, char them and give off 
noxious and injurious odors. It is also entirely in- 
applicable iu this form to the use of the of com- 
bustion, in which, as the entire heat generated by the 
fuel is introduced into the drier, there is the highest 


economy. 
To adapt it to these cases, and, in fact, all where the / po 


heat may be derived otherwise than from radiating 
surfaces, I have devised the in:proved apparatus de- 
scribed in this paper. Circulating the current re- 
peatedly and continuously ye the drier and over 
the contained material, and dise ng continuously 
a regulated quantity of the mixed air and vapor, | do 
not pass it over heat-imparting surfaces, but replace 
the expended heat by introducing into the system a 
fresh volume of hot air or fi which must necessarily 
be the equivalent of the discharged portion. The re- 
circulated mixture of air and vapor encounters and 
mixes with the incoming hot volume, and is brought 
to its maximum drying efficiency, in which condition, 
in a properly designed drier, it should be applied to 
that portion of the material which, having already 

with most of its moisture, relinquishes the re- 
mainder with greater difficulty. By varying the speed 
of the fan blower, by weans of which the circulation is 
maintained, and the amount of the discharge, the 
volume relation of the circulated and discharged air 
can be controlled, and the temperature at the initial 
point in the drier be regulated. The fixed relations of 
temperature, the humidity of discharge remaining 
constant, are those of the intake and discharge, and 
the variable one, the maximum temperature within 
the drier, which is controlled by the volume recircu- 
lated. Thus, with a discharge temperature of 172°, 
half saturated, and an ivtake of gas or air at 1223°, we 
ean, by recirculating about five volumes, bring the 
initial temperature below 300°, and, by increasing the 
speed of the fan, as much lower as may be desirable. 
Similarly, in the case sup above, where the maxi- 
mum temperature is limited to 150°, we may, by re- 
cireulating a greater volume, realize the economy of a 


high discharge temperature, say 110° or 120°, and cor- | 


responding high temperature of intake, without ex- 
ceeding the desired maximum. 

We can only raise the temperature of discharge by 
increasing that of intake ; but as the loss of heat at a 
discharge of about 170° is inconsiderable, it is not neces- 
sary to exceed 1,200° F. in the intake, and, where gases of 
combustion are used, we are enabled, without material 
loss of heat, to maintain a wer great drying efficiency 
throughout the apparatus, the maximum humidity 
being but 0°5, which is greatly reduced at the initial 
point. The intake temperature being far below that 
of the ordinary gases of combustion, we are not 
limited in the amount of air admitted to the fires as 
we are in the generation of steam, and, by admitting a 
— excess, can insure the perfect combustion of the 
fuel and the important econowy resultant therefrom. 
The velocity of the current over the material is also a 
factor of some importance. promoting evaporation and 
the efficiency of the apparatus. 

An important feature in connection with this - 
tem is the utilization of the waste gases from a boiler 
or other furnace, which can be used with great ad- 
vantage ‘where the combustion is without visible 
smoke, or where the substance to be dried would not 
be injured by the discoloration and odors, such, for 
instance, at garbage and fertilizers. Where the chim- 
ney gases are sufficient, the gases from a supplemeit- 
ary furnace may be mixed with them, and the tempera- 
ture being thus raised, the advantages of a small 
volume of discharge may be secured. 

Having considered the method by which the energy 
provided for drying may be utilized, the equally im- 
portant problem of how weshall handle our material 
so as to bring it into contact with the drying current 
remains. he entire question of drying may be 
viewed as a contest between the occupation of space 
and time, on the one hand, and the employment of ap- 

ratus and artificial] heat, both costly, on the other. 

n dry climates, where time and space are eye = - 
ant, and labor cheap, crude materials may be advan- 
tageously dried by spreading them in the sun and 
turning them over eeetey. Where land and 
manaal labor are costly, we must resort to other 


methods. 
(To be continued.) 


A SELF-LIGHTING GAS BURNER. 


THE novelty which we introduce to our readers by 
means of the accompanying illustrations is one of the 


most ingenious a) ations to a useful purpose of a 
well-known ph hemical phenomenon that has 
lately come under notice. The figures represent, in 
elevation, section ard plan, Duke’s self-lighting gas 
burner. The patentee does not confine his device to 
ordinary flat-flame burners; but the principle and the 
method of application are safficiently exemplified by 
the simple pattern here shown. Briefly stated, Mr. 
Duke’s system is for the adaptation of the property 
of platinum to occlude hydrogen, with development 
of heat, to ignite a stream of gas issuing from a burner. 
He has succeeded in doing this very perfectly, with 
due regard to cheapness and substantiality of con- 
struction. 

To the body of a governor burner, in the illustra- 
tions, is at ed a small tube carrying at its top a 
plug of porous material upon which plati- 


num black has been deposited by 'a special process. 
Springing from this plug is a chert piece of fine wire, 
com of a platinum alloy, which spans the dis- 
tance to the burner tip, with which it is parallel. 
This is the whole arrangewent. All that is ed to 


light the burner is to turn on the gas, which has the | 


effect, within six seconds at most, of causing the 

rous plug to glow. The draught of air throngh the 

small tube instantly helps to raise the temperature 

ct Me wire to & point at which the effluent gas 
ignited, 

So beautifully simple and effective an appliance 
argues aloug and arduous process of dev ment ; 
and we were therefore not surprised to learn from Mr. 
Duke that he has been many vears e in over- 
coming numerous practical difficulties which he met 
with in the course of his efforts to make coal gas light 
itself by taking advantage of the phenomenon of the 
occlusion of hydrogen by platinum. The chief trouble 
was to obtain a material for carrying the platinum 
which would enable the operation to be completed 
quickly enough, and yet stand a fair amount of knock- 
ing about in transit and wear and tear. Asbestos, of 
course, suggested itself; but it proved eee. 
The material finally selected, the nature of which and 
its special preparation cannot at present be disclosed, 
for reasons connected with the latest patents, is not 
particularly fragile, though. of course, it will not bear 
to be brutally handled. We are informed that the 
fae age of the effect of lighting gas in this way 

as been ascertained by a protracted course of testing 
representing many thousands of ignitions and extine- 
tions, besides the test of keeping burners continuously 
alight for months at a stretch, after which the mate- 
rial was found to act as well as ever. 

It was once regarded as a wonderful thing’ to 
“light without a wick,” and it is no less so to a 
to make gas light itself automatically without having 
to bring to it a flame ora spark. The possible range 

e hope o ing able to nse with the p' t 
—that usually evil-smelling, wasteful adjunct to all 
kinds of inclosed gas burners. Among other benefits, 
it should be an effectual cure for the peculiar Ameri- 
can complaint of ‘* blowing out the gas,” which Agures 
so frequently in United States mortality statistics.— 
Journal of Gas Lighting. 


‘NEW COMBINATION OF ARGON: SYNTHESIS 


AND ANALYSIS. 
By M. BERTHELOT. 


Tue knowledge of the action of carbon disulphide 
upon nitrogen when submitted to the electric uve 
led me to try the same influence upon argon. The ex- 
periment has been fully successful ; it gives rise to a 
combination more rapid and complete than that pro- 
duced with benzene, and not apparently limited like 
that of phenomena of equilbrium. In each case the 
mercury intervenes chemically, as I have recognized in 
= recent experiments. 

operated upon 6°55 c. c, of argon. as pure as 


ble, and such that benzene, employed once, did notde- - 


termine (under the influence of the effluve) a direct ab- 
sorption exceeding nine hundredths. I brought the 
gas into contact with liquid carbon disulphide at about 
29°, a temperature at which the tension of the sulphide 
rises to 0°98 meter. This fact has been taken account 


of, 
After three hours of the effluve, under the conditions 
described in case of nitrogen, the absorption of the ar- 


gon rose to 11 per cent. of its initial volume. After 8 
ours it increased to 17 per cent. 

The of the ae ent were changed, and a new 
dose of carbon disulphide was added. 


A third reaction of the effluve raised the absorption 
to 22 per cent., a fourth reaction to 34 per cent. and a 
fifth reaction to 39 per cent. 

The gases of the recipient were changed again; a 
further dose of carbon disulphide was added, and the 
experiment was resumed. The total absorption in- 
creased then to 56 per cent. The argon represented 
only29c. c. An accident prevented me from prolong- 
mf experiment, which had lasted about 60 hours. 

ut it is scarcely doubtful but that it would have 
ended in total absorption. It did not appear limited 
by an inverse reaction, and it is not accom ied at 
the ordinary pressure by a fluorescence visible in full 
daylight, and capable of giving rise in diffused light to 
special spectroscopic rays. 

These characters distinguish the absorption of argon 
by carbon disulphide from its absorption by benzene. 
In fact, the latter is slower and is limited by reactions 
of dissociation which stop the direct action, effected 
once, at about 9 or 10 per cent. with pure argon. In- 
deed, on separating the unabsorbed argon from its 
products, we may renew the action, but always with 
difficulty. After 60 hours, with renewal, I have not 
gone beyond 16 per cent. Lastly, the absorption of ar- 
gon by benzene determines the formation of a fiuores- 
cent vapor giving at atinospheric pressure a fine green, 
visible in fall daylight, in which we distinguish amo 
others the rays of the vapor of mercury, i. e., the inde. 
eation of the —— of a volatile compound of mer- 
cury formed ip the reaction of argon with the hydro- 
gen carbide. On the contrary, no fluorescence of this 
kind at this pressure is observed during the absorption 
of argon by ca®bon disulphide. 

I shall soon return anew to the study of this extraor- 
dinary fluorescence. But at present I may mention 
that it constitutes an essential difference ween the 
combination of argon with the elements of carbon di- 
sulphide and its combination with the elements of 
benzene. Nitrogen gives nothing analogous. 

I submitted the product of the reaction to a 
examination. The compound naturally contains mer- 
curv, but we cannot decide whether this element is as- 
sociated with argon in one and the same compound. 
If treated with sodium sulphide, it dees not give reac- 
tions a us to those of sulphocyanide. except a 
— yellow coloration (after aciditication) with ferric 
salts, 

I have succeeded in ting argon from the 
compound just mention In this pew research I 
avoided taking the product which had absorbed the 
first doses of the gas, as it might contain nitrogen if 


ea remained in the argon used for the experiment. 
operated upon the second product, which bad ab- 
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sorbed 1'2 c, c. of argon; 1 submitted this prodact at 

once to the action of heat, in the same tubes in which 

it had been condensed over the mercury after the com- 

lete evacuation of the gases and operating as it had 
n done in case of carbon disulphide. 

While this operation performed on the product of 
the absorption of nitrogen by carbon disulphide 
yielded only an insignificant residue, with the product 
of argon I obtained 0°62 c. ¢., i.e, equal to about half 
the volume of the gas absorbed. This number, how- 
ever, is too low, considering that a very considerable 

rt of the condensed product escapes the action of 

t, because of the injpossibility of causing the mer- 
eury to boil as far as the lower and expanded part of 
the test tubes, whereby a portion of the transformed 
matter is deposited, he contracted part alone ig 
raised to about 500°. Thus the figures given have a 
merely qualitative meaning, being intended to give 
some idea of the order of greatness of the phenomena. 

I will add that I bave caused the condensed product 
(in the annular intervals of the two tubes to undergo 
three successive beatings to dull redness, evacuating 
each time the gases produced and collecting them 
again separately. Their gross volume amounted to 
several c. c. by reason of the regeneration of the car- 
bon disulphide, a circumstance which insures the most 
complete elimination of the other gases. 

The first heating yielded, after the reaction of the 
aleohbolized potasea and acid ecuprous chloride, and 
final purification by potassa, volume = 0°41 c. ¢.; the 
second heating, 0°20 ¢. c.; the third heating, 0°01 ¢. ¢. 

The decomposition of heat is thus exhausted in the 
portion of the substance capable of being heated to 
dull redness. 

To verify if the gas thus regenerated is really argon, 
1 had recourse to the ouly positive character obtaina- 
ble in my apparatus, i. e., the production of the fluor- 
escent spectrum developed by benzene at the ordinary 
pressure. I used effluve tubes of reduced dimensions, 
such that 0°40 c. c. of the regenerated gas occupied in 
the first place a length of 5 or 6 cm. By operating 
thus I succeeded, in fact, in obtaining most distinctly | 
at a pressure bordering upon that of the atmosphere 
the green fluorescence characteristic of the compound 
of argon and benzene. The 040 c¢. ¢. were reduced 
thus in 8 hours to 0°35 ¢. c., the absorption taking 
place with the slowness characteristic of argon and 
reaching the same limit. I repeated the same test with 
0°12 c. c. of the gas regenerated by the second heating 
with the same success, and I established in both cases 
the existence of the specific rays of this fluorescence 
developed in diffused light and near the normal pres- 
sure. 

This experiment seems to me capital, since it demon- 
strates that argon can enter into combination and be 
regenerated with its original properties. — Comptes 
Rendus, cxx, p. 1816; Chem. News. 


(From 
‘ARGON AND HELIUM IN METEORIC IRON. 


.. In the light of the new diseoveries of argon and helium, 

it appeared that reinvestigation of the gas evolved on 
heating meteoric iron might promise interesting results. 
This anticipation has been fulfilled. Meteoric iron, 
heated in vacuo, yields a small amount of both argon 
and helium, besides a comparatively large quantity of 
hydrogen. 

The investigation of gases occluded in meteoric iron 
was undertaken by Graham in 1867 (Proc. R. 8., xv, 
602). From 45°2 grammes of aspecimen of iron from 
Lenarto, in Hungary, Graham obtained by heating it 
in vacuo, 16°53 c. c. of gas, consisting of 85°68 per cent. 
of hydrogen, 4°46 of carbonic oxide, and 9°86 per cent. 
of “nitrogen.” And eight years later Prof. Mallet 
investigated the gases from a specimen of meteoric 
iron from Augusta County, Virginia, and found 35°83 
per cent. of hydrogen, 88°33 per cent. of carbonic 
oxide, 9°75 per cent. of carbonic anhydride, and 16°09 
per cent. of “nitrogen.” (Proc, R. 8., xx, 365.) 

Inthe same year, Prof. A. W. Wright examined 
' stroscopically the gases evolved from two meteor- 
ites, one the “ great Texas meteorite” in the museum 
of Yale College, which weighs 742 kilogrammes; an- 
other a specimen of meteoric iron from Tazewell 
County, Tennessee; and a third setof experiments 
was made with fragments of a meteorite from Arva, 
in Hungary. 

The gases obtained were examined spectroscopi- 
cally, and were found to show the usual spectra of 
hydrogen, carbon compounds, oxygen and nitrogen. 

e was searching for lines present in the spectra of 
stars, but found none: and he concludes that the 
spectrum of the solar corona is to be ascribed merely 
to atmospheric gases. A preliwinary account of the 
examination of a fourth (a stony) meteorite is given 
in the same journal (Amer. Journalof Science [8] ix, 

p. 204 and 459), and the full account in vol. x, 44. 
Bhifice it tosay that the last fractions of gas evolved 
contained 691 per cent. of “nitrogen.” On p. 257 of 
the next volume (xi) Prof. Wright gives analyses of 
the gases from various samples of meteorites, which con- 
tain from 1°54 to 5°38 per cent. of “nitrogen.” And 
lastly, in vol. xii, p. 165, he gives further details, in- 
eluding descriptions of ~ ere in none of which he 
noticed anything unusual. 

Prof. Wright's interesting papers are instructive, in- 
asmuch as they show how little reliance is to be placed 
on the evidence of the spectroscope as to the presence 
of any one gas in a gaseous mixture consisting of a 
large proportion of other gases. There is no doubt 
that in future much attention should be paid to the 
relative conductivity of gases. The characteristic 
Sau of argon is almost completely masked by 
the presence of a few paris per cent. of nitrogen or 
of hydrogen ; and that of helium is similarly affected, 
although to a less degree. Though no quantitative 
experiments have been made on the subject, yet I 
should judge that the presence of from 5 to 10 per 
cent. of nitrogen entirely obscures the characteristic 

llow line ; the other strong lines still remain visible. 
tiene soon to be able to communicate further infor- 
mation on this interesting subject. 

The presence of both argon and helium has been 
demonstrated in the meteorite from Augusta County, 
Virginia, a sample of which was purchased from Mr. 
Gregory. Two ounces of turnings of this meteorite 
were heated to bright redness in a hard glass tube, 


all air having been first remoyed in the cold by a Top- 
ler’s pump. 

From this iron, 45 ¢. c. of gas were obtained. It was 
mixed with oxygen in a gas burette, and exploded. 
lt appeared to consist for the most part of bydrogen. 
After absorption of any carbon dioxide and the ex- 
cess of oxygen with alkaline pyrogallate, the residue 
amounted to about balf a cubie centimeter. It was 
transferred to a small tube and dried with a morsel of 
solid caustic potash, and with it several vacuum tubes 
were filled. The spectrum showed that it consisted 
for the most part of argon; the trace of nitrogen 
which appeared at first rapidly disappeared under 
the inflnence of the discharge. 

The - 9 was carefully compared with that given 
by atu of Soe argon, provided with mag- 
nesium electrodes. his sample of argon always shows 
the D lines of sodium, owing to the maynesium elec- 
trodes, and proves especially convenient for the detec- 
tion of helium, the yellow line of which is not coin- 
cident with the lines of sodium. Both spectra were 
thrown into a two-prisw spectroscope at the same time 
and on careful comparison it was evident that all the 
argon lines were present. Besides these the yellow line 
D, of helium was faintly visible, not coincident with 
the sodium lines ; and on comparing the spectrum of 
the gas directly with that of helium from cleveite, it 
was possible to recognize the identity of the red, blue 
green, blue and violet lines of helium in the meteoric 
gas. No other lines were visible than those of argon 
and helium. It may thus be concluded, on spectro- 
scopic evidence, that both argon and helium arecon- 
tained in meteoric iron, the former in much larger 
amount than the latter. This conclusion was verified 
by mixing about 90 per cent. of argon with 10 per 
cent. of helium. The spectrum of helium, under these 
circumstances, was much more brilliant than that of 
argon; hence it may be coneluded that less than 10 
per cent. of this gaseous residue consisted of helium. 

It appeared likely that metallic iron might be in- 
duced to absorb argon. 
October, that in attempting to prepare argon by pass- 
ing atmospheric nitrogen through iron tubes filled | 
with magnesium turnings, and heated to redness,a, 
smaller quantity of argon than usual was collected. 
This rendered it not improbable that iron at a red heat 
is permeable toargon. If permeable, then it might be 
permanently absorbed. An experiment was there- 
fore undertaken by Mr. Kellas, to whom I have to ex- 
press my indebtedness, to ascertain whether finely di- 
vided iron, obtained by the reduction of ferric oxide 
in hydrogen, would occlude argon. 

About 14 grammes of the finely divided iron was 
placed in a combustion tube, the capacity of which 
was 58°6 c.c. The tube was connected by a three-way 
om cock to a Sprengel’s pump and to a water- 
jacketed reservoir containing argon over mercury. 
After exhausting the tube, argon was allowed to enter, 
and the temperature was slowly raised to 600° and 
maintained for three hours. Until equilibrium of 
temperature had been established, no perceptible 
change of volume could be noted. The tube was 
allowed to cool, connection with the argon reservoir 
was closed, and the gas. was.pumped off. The yolume, 
corrected for temperature and pressure, was 54‘2 c. ¢, 

On heating the tube, about 59 ¢. c. of gas was given 
off ; it was collected in three fractions, a, b, and c, the 
heating having been continued for twelve hours. 

a. The volume of this gas was 30c.c. It was col- 
lected at about 200° C. This was exploded with oxygen’; 
and a residue was obtained, of which the greater part 
dissolved in caustic potash, showing that the gas had 
consisted of hydrogen and hydrocarbons. The final 
residue was 1°7 c. 

b. The second fraction, collected at 450°, amounted 
to 15 ¢. ¢., and after treatment as above, the residue 
was 0°25 c. c. _ This residue was united with that from 
a, anda vacuum tube was filled. The flutings of car- 
bon were visible, and also a trace of bydrogen, but 
no argon. This gas was sparked with 1c. c. of oxygen, 
and on absorbing the excess of oxygen with alkaline 
pyrogallate, 0°45 c. c. remained. On transferring this 
residue to a vacuum tube, the banded spectrum of ni- 
trogen was alone visible. 

e. The third fraction, collected at a red heat. also 
showed only the spectrum of nitrogen, when purified 
and transferred to a vacuum tube, and on continuing 
the discharge it also disappeared and the tube became 
phosphorescent. Judging from previous experience, 
the presence of argon would have revealed itself after 
the nitrogen had disappeared. It may therefore be 
concluded that whether iron is permeable to argon at 
a red heat or not, it does not permanently retain the 
gas. Itis not improbable that the condition of reten- 
tion may be that the iron is heated to fusion in an 
atmosphere of hydrogen, hydrocarbons, argon, and 
helium, and that it is then suddenly cooled. This I 
should imagine to be the case if the iron were ejected 
from some stellar body at a high temperature. I am, 
however, unaware whether any of the lines of the 
argon spectrum haye been identified in the spectra of 
stars ; if not, it is —_ because they are masked 
by the spectra of hydrogen and carbon. 

W. Ramsay. 


REDUCTION OF ALUMINA, ETC., BY 
HYDROGEN. 


THE refractory earths alumina, glucina, chromium 
oxides, ete., have hitherto refused to me redu 
by means of hydrogen. Mr. H. N. Warren claims, 
however, to have lately succeeded in reducing not —_ 
the above named earths, but even zirconia, althoug 
silica and magnesia have as ™ yielded no metal when 
ex to the action of hydrogen gas. 

he difficulty in obtaining a substance free from 


earbon, and, at the same time, one of difficult fusi- | § 
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‘under the same pressure. At the same timea slow 
current of hydrogen gas was sent through the tube 
for about ten minutes. The action of the melicd 
alumina upon the lime very soon, however, determ iied 
the destruction of the caleareous lining, owing to the 
increased fusibility of the compound formed, while its 
interior showed no trace of metallic formation. 

This, on referring to the action of hydrogen upon” 
| zine oxide, will be better understood, a slow current of 
gas producing no effect, while, on the contrary, a 
| swift current of gas readily reduces the oxide, throuch 
depriving the interior of the apparatus of the aqie-. 
ous vapor formed, thus preventing reoxidation of tie 
matal under formation. A second tube, arranged as 
in the former case, was, therefore, experimented upon, 
using a brisk current of hydrogen gas. The interior 
of the tube, upon examination, now contained distinct 
| traces of metal, perfectly bright, while in a farther 
| experiment distinct beads of aluminum were detached 
land exatnined, resulting in pure metal. A mixture of 
Al,O;+C,0 readily reduced to.aluminum bronze, and 
tungsten and molybdenum were reduced and fused, 
Zirconia bas as yet not afforded such striking results, 
while silica and magnesia have failed altogether. 
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The apparatus made use of consisted of a thir tube 
composed of compressed lime of excellent quality. the 
aluinina inclosed therein being obtained by calcina- 
tion of the aqueous chloride. To one extremity of 
the tube was attached an apparatus for evolving pure 
and dry hydrogen gas, while to the exterior of the 
tube, and upon the same spot wherein was inclosed 
the alumina, was allowed to impinge the flame from a 
powerful oxyhydrogen blowpipe, both gases being 
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